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EE 1002 for further details 


There are now 
over 100 types 
of Ediswan standard 
metal/glass seals 


We are continually extending our range of standard metal to glass seals as more and more equipment designers realise 
their advantages. You will find these Ediswan seals in such devices as: indicating instruments, gyros, vibrators, 
transistors, crystals, relays, transformers and vacuum systems. Increasing use is being made of them in the nuclear 
energy and guided weapon fields. 

These metal to glass seals have excellent electrical and mechanical properties with the added advantage of being available 
in a wide variety of standard designs which can be supplied promptly and fitted easily—usually by soft soldering. 

Our present range of seals embodies the latest techniques and will almost certainly include types suitable for your needs. 
If your product calls for something out of the ordinary, let us know; we are always ready to develop new seals to meet 
special requirements where necessary. 

Publication R.1843 will give you full information about our standard range; you are welcome to a copy. 


EDISWAN 


An A.E.1. Company. 155 Charing Cross Road, London, W.C.2, and branches. Tel. GERrard 8660 — 
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CLASSIFIED ADVERTISEMENTS 


The charge for these advertisements is 6d. per word. Minimum charge !2s. Box number 2s. extra, except in 
the case of advertisements for ‘Situations Wanted’’, when it is free. Specially spaced advertisements per inch 


single column 42s. 6d. A remittance must accompany the advertisement. 


Replies to Box numbers should be 


addressed to: ‘“‘Electronic Engineering”, 28, Essex Street, Strand, London, W.C.2. Advertisements must be 
received before the I4th of the month for insertion in the following issue. 








OFFICIAL APPOINTMENTS 





ATOMIC ENERGY ESTABLISHMENT, Win- 
frith, Dorset, require Analogue Computer Technicians 
to assist computer operating staff and to maintain 
computing equipment in a fully operational condition. 
Qualifications and Experience: Applicants should 
have served a recognized engineering apprenticeship 
or have had equivalent training. They should have 
had several years experience in the construction, 
maintenance and testing of electronic equipment. 
Familiarity with stabilized power supplies, A.C. 
and D.C. amplifiers and electronic test equipment 
is essential. Possession of O.N.C. or H.N.C. in 
electronics or electrical engineering is desirable. 
Successful candidates will be required to serve an 
initial training period at Harwell, Berkshire. Rate 
of Pay: £700 (at age 26)—£875 p.a. Send Postcard 
for application form to Group Recruitment Officer 
(W27/42) Atomic Energy Research Establishment, 
Harwell, Didcot, Berks. W 3049 





ASSISTANTS (SCIENTIFIC). Pensionable posts 
for men and women. Age at least 17} and under 26 
(unless specially experienced) on 1.1.58. Extension 
for Forces or Overseas Civil Service. Appropriate 
educational or technical qualifications and at least 
two years relevant experience in one of the groups: 
(i) Engineering and physical sciences. (ii) Chemistry, 
bio-chemistry and metallurgy. (iii) Biological 
Sciences. (iv) General (including pathology, geology, 
meteorology, and highly skilled work in laboratory 
crafts such as glass-blowing). Starting pay from 
£340 up to £530. Men's maximum (London) £690. 
Opportunities for promotion and for further educa- 
tion. 5-day week, generally. Write Civil Service 
Commission, 30, Old Burlington Street, London, 
W.1., for application form quoting No. 8.59/58. 

W 3057 





BRADFORD INSTITUTE OF . TECHNO- 
LOGY. Principal: E. G. Edwards, Ph.D., B.Sc., 
F.R.I.C., Readerships in Mechanical Engineering 
and Electrical Engineering. Applications are invited 
for the positions of Reader in Mechanical Engineering 
and Reader in Electrical Engineering. Applicants 
should possess the qualifications and experience to 
direct research and post-graduate work and to take 
a leading part in advanced teaching in Mechanical 
or Electrical Engineering. The candidates appointed 
will be given adequate time to undertake and direct 
research and suitable technical assistance and equip- 
ment will be provided for them. They will have the 
opportunity of assisting the Heads of Departments 
in the planning of the new courses of advanced 
technology being undertaken by the Institute. 
Senior members of staff are encouraged to undertake 
Consultant work in industry and may retain fees 
paid for such work. The salary attached to the 
appointment is £1,550—£1,800 per annum. In the 
case of a very highly qualified applicant the Governors 
may, subject to the approval of the Minister, pay 
such higher salary above the maximum of the 
scale as would be appropriate. Previous industrial 
or research experience at a suitable level may be 
taken into account in fixing the commencing salary. 
Further particulars may be obtained from the 
Principal, The Institute of Technology, Bradford 7. 

W 3050 


MINISTRY OF SUPPLY. Research and Develop- 
ment Establishments, mainly in southern half of 
England, require (a) Senior Scientific Officers (min. 
age 26) and (b) Scientific Officers for work in Physics 
electronics, electrical or mechanical engineering, 
applied mathematics, aerodynamics, chemistry or 
metallurgy. Ist or 2nd class hons. Degree or 
equivalent required and for S.S.O. at least 3 years 
post graduate experience. Starting salary in 
range (a) £1,130—£1,330, (b) £595—-£1,050 (male, in 
provinces). Rates for women reaching equality in 
1961. Superannuation under F.S.S.U. Opportunity 
for those under 32 to compete for established posts. 
Candidates should indicate fields of work in which 
interested. At National Gas Turbine Establishment, 
Pyestock, Hants., houses available for letting to 
married staff, and opportunities for new graduates 
to have workshop training. Forms from M.L.N.S. 

Technical and Scientific Register, 26, King Street, 
London, S.W.1. (quote A.300/8A)(K). W 3072 


SEPTEMBER 1958 (a) 


BRITISH RAILWAYS RESEARCH DEPART- 
MENT. Vacancies at Derby for Senior Technical 
Assistants (2 posts) as members of an Instrumenta- 
tion Group engaged on:—{i) The application of 
semi-conductors to Automatic Train Control 
ey and (ii) Electronic problems arising in 

ailway Engineering Research, including provision 
of strain gauging facilities. Professional or Academic 
qualifications desirable, together with good basic 
knowledge of electricity and experience in electronics. 
Salary: £833 to £985 per annum. Superannuation 
and certain free travel facilities. Medical examina- 
tion. Applications stating age, qualifications, etc. 
to:—Director of Research, British Transport 
Commission, (British Railways Division), 222, 
Marylebone Road, London, N.W.1. W 3060 


COMMONWEALTH OF AUSTRALIA. Com- 
monwealth Scientific and Industrial Research 
Organization, Division of Electrotechnology, Ap- 
pointment of Physicists. Applications are invited for 
appointment to one of two positions of Physicist 
with the Organization’s Division of Electrotechnology. 
The Division, comprising a staff of forty scientists 
and thirty ancillary staff is located in the University 
Grounds, Sydney, and is engaged in research in the 
field of electrical standards of measurement and 
allied subjects such as dielectrics research and 
microwave spectroscopy. The two positions available 
are:- (a) Dielectrics Research. The appointee will 
be a member of a group of seven scientists engaged in 
dielectrics research. Adequate opportunity will be 
available for the appointee to develop an individual 
research programme. Applicants should possess a 
University honours degree in Physics and some 
post-graduate research experience. Experience in 
some branch of solid state physics would be desirable. 
(b) Radio Frequency Measurements. Initially the 
appointee would be engaged on research in the 
frequency range 200 to 2000 Mc/s to develop precise 
power measuring techniques in the very low power 
range. However, ample opportunities will be given 
for the appointee to develop an individual research 
programme in precise radio frequency measurements 
or an allied field. Applicants should hold a University 
honours degree in Physics with post graduate 
research experience. Dependent upon qualifications 
and experience, commencing salary for each position 
will be determined within the salary ranges of 
Research Officer, £41326-£A1951 p.a. or Senior 
Research Officer, £A2061-£A2336 p.a. Salary for a 
female appointee would be £A170 p.a. less than the 
corresponding male rates. Appointment will be 
conditional upon a satisfactory medical examination. 
The Appointments will be for an indefinite period 
or for a period of three years, at the option of the 
appointees. Confirmation of appointment for an 
indefinite period carries with it Commonwealth 
Superannuation Fund or Commonwealth Provident 
Account privileges. Fares to Australia, including 
those of wife and dependent family, will be provided 
by the Organization, and, in the case of appointment 
for a fixed period, return fares to point of origin will 
be allowed for an appointee who is not of Australian 
nationality. Details may be discussed with the 
undersigned. Applications quoting Appointment 
No: 760/106 and stating full name, place, date and 
year of birth, nationality, marital state, present 
employment, details of qualifications and experience 
and of war service if any, together with the names 
of not more than four persons acquainted with the 
applicant’s academic and professional standing, 
should reach the undersigned, from whom further 
particulars may be obtained, by the 26th, September 
1958. E. J. Drake, Chief Scientific Livison Officer. 
Australian Scientific Liaison Office, Africa House, 
Kingsway, London, W.C.2 W 3083 


MINISTRY OF TRANSPORT AND CIVIL 
AVIATION requires Electrical Engineers (Assistant 
Signals Officers) for aviation telecommunications and 
electronic navigational aids. Min. age 23, Ist or 2nd 
Class Degree in Physics or Engineering, or A.M.1.E.E. 
or A.F.R.Ae.S. (candidates with Parts I, II and III of 
A.M.LE.E. or Parts I and II of A.F.R.Ae.S. or 
equivalent, or of very high professional! attainment 
without these qualifications considered). Salary, £665 
(age 23) to £1 085 (age 34). Max. £1 250. Slightly 
lower outside London and for women. 5-day week. 
Further details and forms from M.L.N.S. Technical 
and Scientific Register (K). 26 King Street, eee, 
S.W.1, quoting D129/8A. 2991 


UNIVERSITY COLLEGE HOSPITAL 
MEDICAL SCHOOL. A vacancy exists in a small 
but expanding Medical Electronics Department 
for an Assistant qualified in Electronic Engineering 
preferably in possession of City and Guilds Final 
in Telecommunication. Age 25 to 30. Salary 
range £800 to £900. Applications in writing invited 
from suitable men. Secretary, University College 
Hospital Medical School, University Street, a 

W 3048 


ELECTRONICS TECHNICIAN/SENIOR 
TECHNICIAN. required in the Radio-isoto 

Unit, Postgraduate Medical School. The successful 
candidate will be responsible for the design, construc- 
tion and maintenance of electronic equipment used 
in medical research, and the post offers wide ex- 
perience in electronic techniques, especially in the 
application of Radio-isotopes in medical problems. 
Experience of nuclear particle counting equipment 
would be an advantage. Salary according to ex- 
perience, in a range rising from £550 per annum by 
annual increments to £800. Forms of application 
obtainable from the Secretary, Postgraduate Medical 
School of London, Ducane Road, nnn, oe 


ENGINEER (BASIC GRADE) required by the 
Atomic Weapons Research Establishment, Alder- 
maston, Berks. To carry out, with the assistance of 
Technical Grades, durability testing of weapon 
electronic components and equipment, and other 
items. A recognised eng ing iceship or 
equivalent training, and Corporate “Membership of 
a Senior Engineering Institution or equivalent 
qualifications required. Previous experience of 
durability testing of vibration work, preferably 
involving the use of high thrust wide frequency 
range exciters, is essential. A good knowledge of 
the electronics involved in these systems, includin 

the instrumentation, an advantage. Salary £81 

(at age 25)—£1,110 (at age 34 or over)—£1,270 p.a. 
Contributory Superannuation scheme. A house or 
assistance towards legal expenses on house purchase 
will be available for married officers living beyond 
daily travelling distance. Postcards for application 
forms to the Senior Recruitment Officer at above 
address. Please quote ref. 1965/42. W 3047 


GUIDED WEAPONS. Physicists and Engineers 
required by Ministry of Supply at Royal Aircraft 
Establishment, Armament Research and Develop- 
ment Establishment and Royal Radar Establishment, 
for research on guided weapons (including ballistic 
missile) and supervision of development in industry. 
ist or 2nd Class Hons. Degree or equivalent required 
for Scientific Officer (£595—£1,050) and three years 
post-graduate experience in addition for Senior 
Scientific Officer (£1,130—£1,330). Women’s rates 
the same by 1961. Superannuation under F.S.S.U. 
Opportunity for those under 32 to compete for 
established posts. Forms from M.L.N.S. Technical 
and Scientific Register, (K) 26, King Street, London, 
S.W.1 (quote A.291/8A). W 3074 


HERTFORDSHIRE COUNTY COUNCIL, 
Watford Technical College. Applications are invited 
for the following post, to be filled from Ist January, 
1959. Senior Lecturer for Electronic Computer 
Work. This appointment is being made to cater 
mainly for new courses for the training of Computer 
Maintenance Engineers. Initially the work will 
mainly be on digital computers, but it is hoped to 
extend the scope of the work. Applicants should 
have a good Honours Degree with training and 
experience in computer design and/or operation or 
in associated work. The successful applicant will 
be largely responsible for the organisation and 
development of the courses. Salary in accordance 
with the Burham Technical Scale as follows: (men) 
£1,350 x £50—£1,550. An appropriate scale includ- 
ing equal pay increments for women. Further 
particulars and application forms are available from 
the Principal, Watford Technical College, Hempstead 
Road, Watford, to whom the forms should be re- 
turned not later than 27th September, 1958. W 3079 





MINISTRY OF SUPPLY require Engineers ( 
posts) and Technicians (4 posts) at Chessington, 
Surrey and at Malvern, Worcestershire for planning 
and preparation of Technical publications on 
guided weapons systems including radar, electronic 
and associated equipments. Qualifications : British 
of British parents. Recognized engineering appren- 
ticeship or equivalent training in an appropriate trade. 
Background of considerable practical experience in 
either microwave and pulse techniques, electronic 
servo mechanisms, or electrical data storage and 
transmission and operation and servicing of electronic 
equipment, is essential. Experience in radio main- 
tenance in the Services and in writing or editing of 
Service technical publications or instruction in 
technical subjects advantageous For Engineer 
vacancies Corporate membership of the Institution 
of Electrical Engineers or exempting qualification 
required and for Technicians possession of a Higher 
National Certificate or equivalent qualification 
desirable. Salaries Engineers—£805 (age 25)— 
£1,250 p.a. at Chessington; £755 (age 25)—£1,180 
p.a. at Malvern. Technicians.—£1,030—41,250 p.a. 
at Chessington; £974—£1,180 p.a. at Malvern. 
Forms from M.L.N.S., Technical and Scientific 
Register (K), 26, King Street, London, S.W.1., 
quoting D.295/8A. W 3046 
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There are now 
over 100 types 
of Ediswan standard 
metal/glass seals 


We are continually extending our range of standard metal to glass seals as more and more equipment designers realise 
their advantages. You will find these Ediswan seals in such devices as: indicating instruments, gyros, vibrators, 
transistors, crystals, relays, transformers and vacuum systems. Increasing use is being made of them in the nuclear 
energy and guided weapon fields. 

These metal to glass seals have excellent electrical and mechanical properties with the added advantage of being available 
in a wide variety of standard designs which can be supplied promptly and fitted easily—usually by soft soldering. 

Our present range of seals embodies the latest techniques and will almost certainly include types suitable for your needs. 
If your product calls for something out of the ordinary, let us know; we are always ready to develop new seals to meet 
special requirements where necessary. 

Publication R.1843 will give you full information about our standard range; you are welcome to a copy. 


EDISWAN 


An A.E.1. Company. 155 Charing Cross Road, London, W.C.2, and branches. Tel. GERrard 8660 —_— 
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CLASSIFIED ADVERTISEMENTS 


The charge for these advertisements is 6d. per word. Minimum charge 12s. Box number 2s. extra, except in 
the case of advertisements for ‘‘Situations Wanted’’, when it is free. Specially spaced advertisements per inch 


single column 42s. 6d. A remittance must accompany the advertisement. 


Replies to Box numbers should be 


addressed to: ‘‘Electronic Engineering’, 28, Essex Street, Strand, London, W.C.2. Advertisements must be 
received before the I4th of the month for insertion in the following issue. 








OFFICIAL APPOINTMENTS 





ATOMIC ENERGY ESTABLISHMENT, Win- 
frith, Dorset, require Analogue Computer Technicians 
to assist computer operating staff and to maintain 
ce g equip in a fully operational condition. 
Qualifications and Experience: Applicants should 
have served a recognized engineering apprenticeship 
or have had equivalent training. They should have 
had several years experience in the construction, 
maintenance and testing of electronic equipment. 
Familiarity with stabilized power supplies, A.C. 
and D.C. amplifiers and electronic test equipment 
is essential. Possession of O.N.C. or H.N.C. in 
electronics or electrical engineering is desirable. 
Successful candidates will be required to serve an 
initial training period at Harwell, Berkshire. Rate 
of Pay: £700 (at age 26)—£875 p.a. Send Postcard 
for application form to Group Recruitment Officer 
(W27/42) Atomic Energy Research Establishment, 
Harwell, Didcot, Berks. WwW 3049 





ASSISTANTS (SCIENTIFIC). Pensionable posts 
for men and women. Age at least 17} and under 26 
(unless specially experienced) on 1.1.58. Extension 
for Forces or Overseas Civil Service. Appropriate 
educational or technical qualifications and at least 
two years relevant experience in one of the groups: 
(i) Engineering and physical sciences. (1i) Chemistry, 
bio-chemistry and metallurgy. (iii) Biological 
Sciences. (iv) General (including pathology, geology, 
meteorology, and highly skilled work in laboratory 
crafts such as glass-blowing). Starting pay from 
£340 up to £530. Men’s maximum (London) £690. 
Opportunities for promotion and for further educa- 
tion. 5-day week, generally. Write Civil Service 
Commission, 30, Old Burlington Street, London, 
W.1., for application form quoting No. 8.59/58. 

W 3057 





BRADFORD ag gt tgs OF . TECHNO- 
LOGY. Principal: E. . Edwards, Ph.D., B.Sc., 
F.R.LC., Readerships a Mechanical Engineering 
and Electrical Engineering. Applications are invited 
for the positions of Reader in Mechanical Engineering 
and Reader in Electrical Engineering. Applicants 
should possess the qualifications and experience to 
direct research and post-graduate work and to take 
a leading part in advanced teaching in Mechanical 
or Electrical Engineering. The candidates appointed 
will be given adequate time to undertake and direct 
research and suitable technical assistance and equip- 
ment will be provided for them. They will have the 
opportunity of assisting the Heads of Departments 
in the planning of the new courses of advanced 
technology being undertaken by the Institute. 
Senior members of staff are encouraged to undertake 
Consultant work in industry and may retain fees 
paid for such work. The salary attached to the 
appointment is £1,550—£1,800 per annum. In the 
case of a very highly qualified applicant the Governors 
may, subject to the approval of the Minister, pay 
such higher salary above the maximum of the 
scale as would be appropriate. Previous industrial 
or research experience at a suitable level may be 
taken into account in fixing the commencing salary. 
Further particulars may be obtained from the 
Principal, The Institute of Technology, Bradford 7. 

W 3050 


MINISTRY OF SUPPLY. Research and Develop- 
ment Establishments, mainly in southern half of 
England, require (a) Senior Scientific Officers (min. 
age 26) and (b) Scientific Officers for work in Physics 
electronics, electrical or mechanical engineering, 
applied mathematics, aerodynamics, chemistry or 
metallurgy. Ist or 2nd class hons. Degree or 
equivalent required and for S.S.O. at least 3 years 
post graduate experience Starting salary in 
range (a) £1,130—£1,330, (b) £595—-£1,050 (male, in 
provinces). Rates for women reaching equality in 
1961. Superannuation under F.S.S.U. Opportunity 
for those under 32 to compete for established posts. 
Candidates should indicate fields of work in which 
interested. At National Gas Turbine Establishment, 
Pyestock, Hants., houses available for letting to 
married staff, and opportunities for new —— 
to have workshop training. Forms from M.L.N.S. 
Technical and Scientific Register, 26, King Street, 
London, S.W.1. (quote A.300/8A)(K). W 3072 


SEPTEMBER 1958 (a) 


BRITISH RAILWAYS RESEARCH DEPART- 
MENT. Vacancies at Derby for Senior Technical 
Assistants (2 posts) as members of an Instrumenta- 
tion Group engaged on:—{i) The application of 
semi-conductors to Automatic Train Control 
problems and (ii) Electronic problems arising in 
Railway Engineering Research, including provision 
of strain gauging facilities. Professional or Academic 
qualifications desirable, together with good basic 
knowledge of electricity and experience in electronics. 
Salary: £833 to £985 per annum. Superannuation 
and certain free travel facilities. Medical examina- 
tion. Applications stating age, qualifications, etc. 
to:—Director of Research, British Transport 
Commission, (British Railways Division), 222, 
Marylebone Road, London, N.W.1. WwW 3060 


COMMONWEALTH OF AUSTRALIA. Com- 
monwealth Scientific and Industrial Research 
Organization, Division of Electrotechnology, Ap- 
pointment of Physicists. Applications are invited for 
appointment to one of two positions of Physicist 
with the Organization’s Division of Electrotechnology. 
The Division, comprising a staff of forty scientists 
and thirty ancillary staff is located in the University 
Grounds, Sydney, and is engaged in research in the 
field of electrical standards of measurement and 
allied subjects such as dielectrics research and 
microwave spectroscopy. The two positions available 
are:- (a) Dielectrics Research. The appointee will 
be a member of a group of seven scientists engaged in 
dielectrics research. Adequate opportunity will be 
available for the appointee to develop an individual 
research programme. Applicants should possess a 
University honours degree in Physics and some 
post-graduate research experience. Experience in 
some branch of solid state physics would be desirable. 
(b) Radio Frequency Measurements. Initially the 
appointee would be engaged on research in the 
frequency range 200 to 2000 Mc/s to develop precise 
power measuring techniques in the very low power 
range. However, ample opportunities will be given 
for the appointee to develop an individual research 
programme in precise radio frequency measurements 
or an allied field. Applicants should hold a University 
honours degree in Physics with post graduate 
research experience. Dependent upon qualifications 
and experience, commencing salary for each position 
will be determined within the salary ranges of 
Research Officer, £A1326-£A1951 p.a. or Senior 
Research Officer, £A2061-£A2336 p.a. Salary for a 
female appointee would be £A170 p.a. less than the 
corresponding male rates. Appointment will be 
conditional upon a satisfactory medical examination. 
The Appointments will be for an indefinite period 
or for a period of three years, at the option of the 
appointees. Confirmation of appointment for an 
indefinite period carries with it Commonwealth 
Superannuation Fund or Commonwealth Provident 
Account privileges. Fares to Australia, including 
those of wife and dependent family, will be provided 
by the Organization, and, in the case of appointment 
for a fixed period, return fares to point of origin will 
be allowed for an appointee who is not of Australian 
nationality. Details may be discussed with the 
undersigned. Applications quoting Appointment 
No: 760/106 and stating full name, place, date and 
year of birth, nationality, marital state, present 
employment, details of qualifications and experience 
and of war service if any, together with the names 
of not more than four persons acquainted with the 
applicant’s academic and professional standing, 
should reach the undersigned, from whom further 
occa may be obtained, by the 26th, September 
1958. J. Drake, Chief Scientific Licison Officer. 
po BS. Scientific Liaison Office, Africa House, 
Kingsway, London, W.C.2 W 3083 


MINISTRY OF TRANSPORT AND CIVIL 
AVIATION requires Electrical Engineers (Assistant 
Signals Officers) for aviation telecommunications and 
electronic navigational aids. Min. age 23, Ist or 2nd 
Class Degree in Physics or Engineering, or "A.M.LE.E. 

or A.F.R.Ae.S. (candidates with Parts I, II and II of 
A.M.LE.E. or Parts I and II of A.F.R.Ae.S. or 
equivalent, or of very high professional attainment 
without these qualifications considered). Salary, £665 
(age 23) to £1 O85 (age 34). Max. £1 250. Slightly 
lower outside London and for women. 5-day week. 
Further details and forms from M.L.N.S. Technical 
and Scientific Register (K). 26 King Street, London, 
S.W.1, quoting D129/8A. W 2991 


UNIVERSITY COLLEGE HOSPITAL 
MEDICAL SCHOOL. A vacancy exists in a small 
but expanding Medical Electronics Department 
for an Assistant qualified in Electronic Engineering 
preferably in possession of City and Guilds Final 
in Telecommunication. Age 25 to 30. Salary 
range £800 to £900. Applications in writing invited 
from suitable men. Secretary, University College 
Hospital Medical School, University Street, W < 

3048 


ELECTRONICS TECHNICIAN/SENIOR 
TECHNICIAN. required in the Radio-isotope 
Unit, Postgraduate Medical School. The successful 
candidate will be responsible for the design, construc- 
tion and maintenance of electronic equipment used 
in medical research, and the post offers wide ex- 
perience in electronic techniques, especially in the 
application of Radio-isotopes in medical problems. 
Experience of nuclear particle counting equipment 
would be an advantage. Salary according to ex- 
perience, in a range rising from £550 per annum by 
annual increments to £800. Forms of application 


obtainable from the Secretary, Postgraduate Medical 
School of London, Ducane Road, ee ae 
066 


ENGINEER (BASIC GRADE) required by the 
Atomic Weapons Research Establishment, Alder- 
maston, Berks. To carry out, with the assistance of 
Technical Grades, durability testing of weapon 
electronic components and equipment, and other 
items. A recognised engineering apprenticeship or 
equivalent training, and Corporate Membership of 
a Senior Engineering Institution or equivalent 
qualifications required. Previous experience of 
durability testing of vibration work, preferably 
involving the use of high thrust wide frequency 
range exciters, is essential. A good knowledge of 
the electronics involved in these systems, includin 

the instrumentation, an advantage. Salary £81 

(at age 25)—£1,110 (at age 34 or over)—£1,270 p.a. 
Contributory Superannuation scheme. A house or 
assistance towards legal expenses on house purchase 
will be available for married officers living beyond 
daily travelling distance. Postcards for application 
forms to the Senior Recruitment Officer at above 
address. Please quote ref. 1965/42. W 3047 


GUIDED WEAPONS. Physicists and Engineers 
required by Ministry of Supply at Royal Aircraft 
Establishment, Armament Research and Develop- 
ment Establishment and Royal Radar Establishment, 
for research on guided weapons (including ballistic 
missile) and supervision of development in industry. 
ist or 2nd Class Hons. Degree or equivalent required 
for Scientific Officer (£595—£1,050) and three years 
post-graduate experience in addition for Senior 
Scientific Officer (£1,130—£1,330). Women’s rates 
the same by 1961. Superannuation under F.S.S.U. 
Opportunity for those under 32 to compete for 
established posts. Forms from M.L.N.S. Technical 
and Scientific Register, (K) 26, King Street, London, 
S.W.1 (quote A.291/8A). W 3074 


HERTFORDSHIRE COUNTY COUNCIL, 
Watford Technical College. Applications are invited 
for the following post, to be filled from Ist January, 
1959. Senior Lecturer for Electronic Computer 
Work This appointment is being made to cater 
mainly for new courses for the training of Computer 
Maintenance Engineers. Initially the work will 
mainly be on digital computers, but it is hoped to 
extend the scope of the work. Applicants should 
have a good Honours Degree with training and 
experience in computer design and/or operation or 
in associated work The successful applicant will 
be largely responsible for the organisation and 
development of the courses. Salary in accordance 
with the Burham Technical Scale as follows: (men) 
£1,350 x £50—£1,550. An appropriate scale includ- 
ing equal pay increments for women Further 
particulars and application forms are available from 
the Principal, Watford Technical College, Hempstead 
Road, Watford, to whom the forms should be re- 
turned not later than 27th September, 1958. W 3079 


MINISTRY OF SUPPLY require Engineers (3 
posts) and Technicians (4 posts) at Chessington, 
Surrey and at Malvern, Worcestershire for planning 
and preparation of Technical publications on 
guided weapons systems including radar, electronic 
and associated equipments. Qualifications : British 
of British parents. Recognized engineering appren- 
ticeship or equivalent training in an appropriate trade. 
Background of considerable practical experience in 
either microwave and pulse techniques, electronic 
servo mechanisms, or electrical data storage and 
transmission and operation and servicing of electronic 
equipment, is essential. Experience in radio main- 
tenance in the Services and in writing or editing of 
Service technical publications or instruction in 
technical subjects advantageous. For Engineer 
vacancies Corporate membership of the Institution 
of Electrical Engineers or exempting qualification 
required and for Technicians possession of a Higher 
National Certificate or equivalent qualification 
desirable. Salaries Engineers—£805 (age 25) 

£1,250 p.a. at Chessington; £755 (age 25) £1,180 
p.a. at Malvern. Technicians.—-£1,030—£1,250 p.a. 
at Chessington; £974—£1,180 p.a. at Malvern. 
Forms from M.L.N.S., Technical and Scientific 
Register (K), 26, King Street, London, 5.W.1., 
quoting D.295/8A. W 3046 


ELECTRONIC ENGINEERING 















OFFICIAL APPOINTMENTS (Cont’d.) 





MINISTRY OF SUPPLY Research and Develop- 
ment Establishments at Farnborough (Hants), 
Bedford, Aberporth, Lianbedr (Wales), Sevenoaks 
(Kent), Waltham Abbey (Essex), Harefield (Middx.) 
Risley (Lancs), require (a) Assistant Experimental 
Officers (minimum age 18), and (6) Experimental 
Officers (men and women) for experimental work in 
Physics, Electronics, Electrical Engineering, 
Chemistry or NG pose , —“e-49- H.S.C., 
G.C.E. (AL), H.N.C or equivalent. 
Salaries (men) (a) £370 & 1sykos 685 (age 26)-£850; 
(b) £920-£1 190. Applicants should state preferred 
fields of work and location. Forms from M.L.N.S. 
Technical and Scientific wer (X), 26 King Street, 
London, S.W.1, quoting A.233/8 2998 


PATENT OFFICE: EXAMINERS (men and 
women) for scientific, technical and legal work on 
Patent applications. Age between 21 and 35; 
extension for regular Forces service and Overseas 
Civil Service. Qualifications: normally first or second 
class honours degree in physics, chemistry, engineer- 
ing metallurgy, or mathematics, or equivalent 

attainment, or rofessional —. e. 
A.M.LC.E., A.M.1.Mech.E., A.M.LE Ric. 
London salary (men) £635—4£1,410; a so y= 
Starting pay above minimum. Good promotion 
rospects. Apply Civil Service Commission, 30, Old 
urlington Street, London, W.1. for application 
form, quoting $128/58 and stating date of birth. 
W 3043 


POST OFFICE: Assistant Engineer. 20 pensionable 
posts for men 17} and under 234 on 1.3.58. Age 
extension for Forces service, Overseas Civil Service, 
and (up to 2 Years) established Civil Service. Qualifi- 
cations: (i) G.C.E. in English Language and 4 other 
subjects, including 2 at A level from Pure Mathema- 
tics, Applied Mathematics, Pure and Applied 
Mathematics, Physics, Chemistry; or (ii) equivalent 
academic qualification; or (iii) H.N.C. or Diploma 
in Electrical or Mechanical Engineering; or (iv) 
Cc. and G. Final Grouped Course Certificate in 
Telecommunications. Selection by interview. 

London salary £490 at 18, 19, 20, £540 at 21, £685 at 
25, rising to £1,000. Promotion prospects. Write 
Civil Service Commission, Burlington Gardens, 

London, W.1. for application form, wanes s 291/58. 

Closing date 1ith September 1958. 3071 


SUFFOLK MENTAL HOSPITALS MANAGE- 
MENT COMMITTEE.  Recordist required for 
Electro Encephalography Department attached to a 
busy Out-patient Clinic at St. Clement's Hospital, 
Foxhall Road, Ipswich. The establishment is for a 
Grade I post-salary scale £565—£705 and those 
suitably qualified would receive this salary. Applica- 
tions will also be considered from unqualified persons 
with education to G.C.E. standard and knowledge 
of radar or electronics. Arrangements in this case 
will be made for suitable training. Forms of applica- 
tion from Group Secretary, St. Audry’s Hospital, 
Melton, Woodbridge, Suffolk. W 1059 


SURREY EDUCATION COMMITTEE Wim- 
bledon Technical College, Gladstone Road, S.W.19. 
Applications are invited for following posts from 
ist January, 1959:—(1) Senior Lecturer with special 
responsibilities in Electrical Supply. (2) Lecturer 
with knowledge of Light Current and Measurement 
subjects. Candidates should be University Graduates 
with good industrial and teaching experience. 
Salary, Burnham Scale, plus London Allowance. 
Further details from the Principal, to whom complete 
aes should be sent by the 26th September, 
19 W 3035 


THE MANCHESTER COLLEGE OF SCIENCE 
AND TECHNOLOGY. Electronics Technician. 
Applications are invited for the post of Electronics 
Technician in the Department of Chemistry. The 
duties will include the development and maintenance 
of special equipment and special equipment for 
teaching and research. A general knowledge of 
electronics and interest in instrumentation, an inven- 
tive mind and the ability to accept responsibility, 
are required for this post. Salary senertn to 
qualifications and experience on the scales £420 
£660 or £670—£715 per annum. Applications 
giving full particulars of « salifications and experience 
and including the nam of two referees should be 
addressed to The Registrar, The Manchester College 
of Science and Technology, Manchester, 1, within 
i4 days of the appearance of this advertisement. 
W 3069 


THE UNITED NEWCASTLE UPON TYNE 
HOSPITALS. Royal Victoria Infirmary. Appli- 
cations are invited from Science Graduates or other 
suitably qualified candidates for the post of Senior 
Technician I in the Professorial Medical Clinic at 
the Royal Victoria Infirmary. The successful 
candidate will be required, among other duties, to 
assist in the care and working of an artificial kidney 
which will soon be installed at the Royal Victoria 
Infirmary and with biochemical analyses. The 
salary scale will be £790-£950 per annum and the 
terms and conditions of employment will be in 
accordance with the regulations of the National 
Health Service. Applications stating age, qualifica- 
tions and experience, should be sent to the House 
Governor & Secretary, Royal Victoria Infirmary, 
Newcastle upon Tyne, as soon as possible. W 3065 


ELECTRONIC ENGINEERING 





QUEEN MARY COLLEGE (University of 
London), Mile End Road, E.1. Nuclear Engineering 
Laboratory Research Assistant. To help in develop- 
ing equipment and to supervise the laboratories” 
Experience in a laboratory, adaptability and en- 
thusiasm are more important than paper qualifica- 
tions. Electronic and Nucleonic experience desirable, 
but training in Nucleonics will be given where neces- 
sary. Appointment according to ability etc. on 
scale £800—£35—£1,000 p.a. Pension scheme. Five 
day week. Four weeks annual leave. Letters only 
to Professor Murgatroyd, stating age, details of 
experience and present work. W 3063 





UNIVERSITY OF SOUTHAMPTON. Depart- 
ment of Aeronautical Engineering. A vacancy will 
occur at the beginning of September in the Aeronauti- 
cal Engineering Electronics Department for an 
electronics technician. Previous experience in 
wiring of electronic circuits and valve techniques 
is essential and familiarity with strain gauge apparatus 
and d.c. amplifiers an advantage. Applications in 
duplicate giving details of previous experience, age, 
qualifications and present salary should be forwarded 
to the Secretary & Registrar, University of 
Southampton, as soon as possible. W 3059 





SITUATIONS VACANT 





ANALOGUE COMPUTER ENGINEERS. Due 
to continued expansion and entry into new fields, 
a leading manufacturer of complex computing 
equipment urgently requires top level Engineers and 
Scientists with experience in one or more of the 


following fields:—Electro mechanisms, Analogue 


computers, Servo theory and practice, D. C. ampli- 


fiers and Transistors. High academic qualifications 


are desirable but maximum emphasis wil! be laid 
on the practical approach to, and proven ability 


in, problems in the above fields. Particularly 


attractive salaries will be paid to the right men and 
considerable opportunities exist for rapid advance- 
ment. The appointments to be made are in senior 
grades and only candidates with drive, push and 


initiative should apply. Location is within travelling 


distance of London and the south coast and success- 
ful candidates may be eligible for housing assistance. 
Applications in writing, giving full details of past 
experience, should be addressed to Box EE.318LPE, 
Romano House, 399/401, Strand, London, W.C.2. 

W 3073 


AN ELECTRONIC ENGINEER is required to 
form a New Section of a laboratory developing 
Digital Techniques in industrial data processing. 
Applicants should be versed in digital methods and 
should ae be experienced in_ industrial 
instrumentation. addition, initiative, imagination 
and organising bility are required. The laboratory 
is situated in a New Town giving easy access to 
both London and the countryside. Amenities 
include a pension scheme and a wide range of sports 
club activities. Applications which will all be seen 
by the Chief Engineer, Electronics Division, should 
be addressed to the Personnel Manager (E.57C) 
Murphy Radio Limited, Welwyn Garden City, 
Herts. W 3056 


CHIEF DEVELOPMENT ENGINEER required 
to take charge of and expand Electronic Section of 
Scottish Company. Degree or equivalent qualifica- 
tions essential; also experience in the development 
of electronic equipment for the M.O.S. and industry. 
Successful candidate would be expected to possess 
initiative, put forward original ideas and travel when 
necessary. Substantial salary according to age, 
qualifications & experience; pension scheme. 
Applications should give full details of career to 
date and present salary to Box W 3061. 


ANALOGUE COMPUTER ENGINEERS. 
Senior and Junior Engineers are required to fill 
vacancies arising from the enlargement of an existing 

Cc for the senior positions 
should preferably have experience of analogue 
computer techniques; qualifications required are 
Degree or H.N.C. For the Junior positions several 
years experience of operating and maintaining 
complex electronic equipment will be advantageous. 
Training will be given where necessary. Attractive 
salaries commensurate with age and experience will 
be offered to selected candidates. Apply Personnel 
Manager (KJM), The General Electric Company 
Limited, Erith, Kent. W 3067 





AN ELECTRONIC ENGINEER required for 

a laboratory situated in South Northants. The work 
involves the design, construction and maintenance 
of test gear which is being used by research personnel. 
A knowledge of components would be useful, and 
the applicant should possess a —- degree or 
equivalent qualification. Box W 3018 


CUSTOMER SERVICE CO-ORDINATOR. 
Texas Instruments Limited, Bedford, wish to appoint 
to their Marketing Staff a Customer Service Co- 
ordinator—a new position which has been created 
by the Company’s recent expansion. This presents 
an outstanding opportunity for a young graduate 
to undertake a commercial career with a good 
future. It is essential to have basic knowledge 
of semiconductor rectifiers and transistors and a 
general appreciation of present day electronics. 
The position entails being responsible for maintain- 
ing a highly efficient commercial and technical service 
to the Company's customers, which comprise the 
majority of the Electronics Industry. Applications 
are invited stating age, qualifications, experience and 
salary required to General Manager—Marketing, 
Texas Instruments Limited, Dallas Road, Bedford. 

W 3070 


DESIGN AND DEVELOPMENT ENGINEERS 
Vacancies exist in the Modern Radio & Television 
Laboratories of a company situated in Eastern 
London for Engineers of All Grades. Projects 
include the development of Home and Export Televi- 
sion and Radio, including printed circuit and transis- 
tor applications. Generous salaries will be paid to 
suitably qualified applicants. Staff canteen facilities 
available and superannuation scheme in operation. 
Piease reply, in confidence, giving full details of 
qualifications and experience to Box W 3037. 





DEVELOPMENT ENGINEER required by Elec- 
tronics Division for work on V.H.F. Communications 
Equipment. Experience with fixed and mobile 
transmitters and receivers both AM and FM together 
with power supplies and ancillary equipment, and 
a knowledge of transistor techniques as applied to 
this work would be a distinct advantage. Write 
initially with details of age, experience, and qualifica- 
tions to Personnel Department (E.55) eee * aie 
Limited, Welwyn Garden City, Herts. 045 


DEVELOPMENT ENGINEERS required for in- 
teresting work on communications, test, and indus- 
trial control equipment. Applicants should have 
or H.N.C. Preference given to persons 

having experience in one of the above fields. Progres- 
sive, pensionable appointments. Apply Personnel 
Officer, Airmec Limited, High Wycombe, Aa 
3036 


DYNATRON RADIO LIMITED, St. Peters 
Road, Furze Platt, Maidenhead require Electronic 
Engineer. Previous experience of design and develop- 
ment essential. Age between 25 and 45. This 
appointment is made available by expansion of the 
Company and offers excellent working conditions 
at our new works. Write in the first instance stating 
age, previous experience, and salary required to the 
Personnel Manager. W 1060 


ELECTRICAL ENGINEER required for 
work on design and development of precision servo 
motors and associated components. Previous 
experience in this field desirable. Higher National 
certificate or equivalent qualifications essential. 
Salary according to age and experience. Write, 
giving full details to: Naval Manager, Evershed & 
Vignoles Ltd., Acton Lane Works, Chiswick, 
London, W.4. W 1069 
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@ RESISTANCE RANGE up to 40 Megohms at 12 KV working 
@ GUARANTEED TEMPERATURE COEFFICIENT 
better than 0.002%, per degree Centigrade 


@ STANDARD TOLERANCES set at 20°C of 
+0.1°% up to 10 Megohms 
+-1.0°% above 10 Megohms 
@ IMPROVED STABILITY better than 0.05°,, 
for first 1000 hours working 


rite or phone for details of our wide range PRECISIO 


of standard or special resistor 


Alma COMPONENTS Ltd. 551 HOLLOWAY ROAD, LONDON, N.i9 


AID Approved 
ARB Approved 


Telephone: ARCHWAY 00145 





THE LEWIS SPRING CO. LTD. - RESILIENT WORKS REDDITCH 
TELEPHONE : REDDITCH 720, PBX 


London Office : 122 High Holborn, W.C.|. Telephone : Holborn 7470 & 7479 
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BERYLLIOUM 
COPPER 


Phosphor-Bronze, 
Nickel Silver, 
Brass, Copper © 
any ferrous or 
non-ferrous 
metals 





LEAVE /T TQ 


LUIS 


OF REDDITCH 


NGS, SPRING CLIPS 
SWORK, WIRE FORMS 
OLUTE SPRINGS 
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SITUATIONS VACANT (Cont'd.) 





ELECTRONIC DESIGN ENGINEER required 
to design electronic and radio type units for quantity 
production using modern materials and techniques. 
Candidates should preferably have held a senior 
post in the radio or television industry dealing with 
the technical aspects of design for quantity produc- 
tion, and hold a full professional qualification. 
Post based at our Electronics factory at Stonehouse, 
Glos., in the beautiful Stroud Valley, but also asso- 
ciated with a wide range of products designed at 
other locations as well. Enquiries invited by Mr. R° 
W. H. Lubbock, Sperry Gyroscope Co. Ltd., Brack- 
nell, Berks. W 3075 


ELECTRICAL DEVELOPMENT ENGINEERS 
required for work on advanced” weapon systems at 
the British associate company of the Hispano-Suiza 
group. Candidates should have Grad. LE.E. or a 
bachelor’s degree in engineering or physics. Some 
experience with low frequency electronic equipment 
is required and familiarity with basic servomechanism 
theory will be an advantage. Successfulcandidates 
will work from the design office but will also be 
engaged in development work in the laboratory and 
in the field. The posts are permanencies and the 
usual social and superannuation facilities are avail- 
able. Applications with details of age, experience, 
qualifications (including, for example, foreign 
languages) and salary required, by post only to 
Chief Electrical Engineer, British Manufacture and 
Research Co, Ltd., Grantham, — Lincs, 
AWK/MP/EE.1. 


quoting 


reference : W 339 


ELECTRICAL ENGINEER. Extensive new con- 
Struction taking place at the Swansea Vale Works 
of The National Smelting Co. Ltd. makes necessary 
the temporary employment, until 31st December, 
1960, of a Site Electrical Engineer. He will be 
responsible to the Group Electrical Engineer for 
the installation and commissioning, by contract, of 
all electrical equipment. Applications are invited 
from men who have served an electrical apprentice- 
ship and hold a qualification of at least H.N.C. 

standard in electrical engineering. 5 years’ supervi- 
sory experience in electrical installation work is 
essential. Write for application form to Personnel 
Manager, Imperial Smelting Corpn. Ltd., Avon- 
mouth, Bristol, quoting reference ESV/EE. W 3078 


ELECTRONIC AND DEVELOPMENT 
ENGINEERS for design and development of 
Industrial Instruments and Controls. Applicants 
should have a degree or equivalent and should have 
at least 4 years’ experience on Electronic circuits. 
The successful applicants will be expected to spend 
4 certain umount of time away from Sheffield in 
commissioning new equipment. Good conditions 
and dining facilities. Contributory Pension Scheme. 
Apply to: Personnel Department, Davy and United 
Engineering Co. Ltd., Darnall Works, Sheffield, 9. 

W 3081 


ELECTRONICS ENGINEER. Courtaulds 
Limited invites applications from graduate Electronics 
Engineers. The successful applicant will be about 25 
years of age and will be familiar with digital computer 
techniques or have had experience in the development 
of industrial electronic measuring and control 
systems. The work he will do will be unusually 
varied and interesting. Candidates should write 
for a detailed form of application to the Director of 


Personnel, Courtaulds Limited, 16, St. Martins-le- 
Grand, London, E.C.1., quoting reference number 
Cc.99. W 3080 


ELECTRONICS ENGINEER required to take 
charge of maintenance of a data processing system 
embodying digital computers and magnetic recording 
equipment in Germany. Experience in pulse work 
and general electronic servicing essential but addi- 
tional training will be given in the U.K. on appoint- 


ment. Applications giving details of age, education 
and experience in confidence to Controller (P.A.3) 
NAAFI, Esher, Surrey. W 3058 






ELECTRONIC ENGINEERING 


ELECTRONIC ENGINEER. Required for the 
development and management of well established 
manufacturer of Hearing Aids and Electronic Compo- 


nents. Good engineering background essential 


together with organizing ability and personality. Age 
30 to 35. Commencing salary £1,500 to £2,000 p.a., 
according to experience. Applications which may be 
made in the strictest confidence should give full 
details or qualifications and previous experience. Our 


own staff know of this advertisement, Box No. 


W 3077. 


ELECTRONIC ENGINEER required by Kodak 
Ltd. to cover development, design, construction, 
assembly and sometimes maintenance of a_ wide 
variety of industrial electronic equipment. Candi- 
dates must have considerable experience of industrial 
electronics and preferably possess Higher National 
Certificate or equivalent. Good salary. Non- 
contributory pension, life insurance and sickness 
benefit plans in operation. Apply in writing to: 
Personnel Department, Kodak Ltd. (Factories), 
Harrow, Middlesex, quoting DGD/9. 


ELECTRONICS ENGINEER. With knowledge 
of Transductors, Magnetic Amplifiers and Magnetic 
Switches required to fill position in Design Section 
of progressive Company situated in N.W. London. 
Write in confidence, giving full details to Box W 3055. 


ELECTRONIC ENGINEER or physicist (H.N.C., 
degree or equivalent) required for interesting and 
varied work on development, production and installa- 
tion of complex scientific instruments. Pleasant 
working conditions with opportunities for high pay 
for the right man. Should be willing to travel in 
U.K. Excellent expense allowance. Apply in 
writing to Applied Research Laboratories (Great 
Britain) Limited, Cedardale Works, Luton Road, 
Harpenden, Herts. W 1062 


ELECTRONICS MECHANIC. The work in- 
volves the maintenance and construction of electronic 
equipment of all types including oscilloscopes, 
counters and amplifiers; this work takes place in 
the modern admirably-equipped Research Centre. 
Requirements are sound knowledge of theory and 
practice in radio but not necessarily in specialised 
electronics, service training as radio mechanic 
particularly suitable. Salary will be in accordance 
with qualifications and experience. Posts are progres- 
sive and pensionable. Applications should be for- 
warded to The Manager, Industrial Relations 
Department, Ruston & Hornsby, Ltd., Lincoln, 

W 3041 


ERICSSON TELEPHONES LTD. have in their 
Research Laboratories a number of vacancies for 
circuit designers and equipment engineers to work 
on nucleonic instruments, and interesting new 
developments in electronic computing and switch- 
ing; both senior and junior posts are available. 
Applicants should have a degree or equivalent plus 
several years’ experience of appropriate work for the 
senior posts; correspondingly uced qualifications 
and experience will be accepted for junior posts. 
Salaries will be in accordance with age, qualifications 
and experience. Applications, giving details of age, 
academic or other training and qualifications, 
experience and starting salary required, should be 
sent to the Personnel Officer, Ericsson Telephones 
Ltd., Beeston, Nottingham. WwW 197 


HILGER & WATTS LTD., makers of scientific 
instruments invite applications for the following 
posts. Development Engineer to assist in the design 
and development of electronic instruments for 
Industrial Control. Development Engineer to assist 
in the design and development of electronic instru- 
ments for Process Control. Development Engineer 
to assist in the design and development of electronic 
instruments for Automatic Machine Control. 
Qualifications:—a Degree in Electrical Engineering, 
or a Degree in Mechanica! Engineering or Physics 
with a wide knowledge of Electronics, and preferably 
experience in one of .the fields mentioned above. 
Technical Assistants to work with the Development 
Engineers. Qualifications:—H.N.C. in Electrical or 
Mechanical Engineering or Physics, or equivalent, 
with a sound knowledge of the basic principles of 
electronics and preferably some experience in com- 
bined electrical/mechanical projects. These posts 
offer interesting opportunities for young men up to 
30 years of age who would like to join a well-establish- 
ed and progressive company with an international 
reputation for the quality of its work. Apply to: 
Hilger & Watts Ltd., The Chief Personnel Manager, 
98, St. Pancras Way, N.W.1. W 3082 


INSTRUMENTATION. A qualified Physicist or 
Engineer, preferably graduate, is needed to lead 
instrument installation and maintenance in a new 
Paper Mill. Experienced in instrumentation, and 
particularly in control systems, pneumatics and 
electronics; appropriate training in the Paper 
Industry will be given. Preferred age range: 25-35 
Please reply to Box W 1061. 














ELECTRONICS RESEARCH LABORATORY 


STAFF. The following are required in the above 
department of large manufacturing company in 
North London. Senior Qualified Electronics 
Engineers of Degree or H.N.C. standard for work 
on the application of transistors to television and 
other electronic equipment. Junior Engineers having 
O.N.C. or equivalent training to assist and work 
under the guidance of the above. Secretary/Typist. 
This post offers a unique opportunity for a lady 
having training in Radio or Electronic theory (e.g. 
ex WRNS etc.) and secretarial experience, with 
ability to deal intelligently with technical correspon- 
dence and reports. To serve as secretary to chief 
engineer. If desired, an opportunity will be given to 
join in the practical work of the laboratory according 
to level of training attained. Box W 2978. 





OVERSEAS Oil Exploration Company with 
world-wide seismic parties offers permanent career to 
electronic technicians. Maintaining and operating 
field equipment. Men prepared to accept responsi- 
bility and to live in camp conditions. Academic 
qualifications to H.N.C. or equivalent and genuine 
practical experience to this standard. Liberal home 
Box W 338. 


PHYSICS GRADUATE required for a materials 
research laboratory situated in South Northants. 
Applicants should preferably have had some ex- 
perience in the measurement of the properties of 
materials at liquid hydrogen/helium temperatures, 
or aw of the properties of semi-conductors. 
Box W 


PROGRESSIVE AND EXPANDING FIRM 
requires Design Engineers to work on new and 
interesting projects in a pleasantly rural but not 
remote area (Part of West Middlesex). There are 
vacancies for electronics Design Engineers, mechani- 
cal Design Engineer and Senior Mechanical and 
Electrical Draughtsmen. Good salaries will be paid 
in accordance with qualifications and experience. 
Box W 1063 


SALFORD ELECTRICAL 
LTD. (a G.E.C. 
the Development Department for the following:— 
(1) Graduate Electronic 
must have some years’ 
circuit design, (2) 


INSTRUMENTS, 
subsidiary). Vacancies exist in 
Engineers, who 
experience in general 
Assistant 
tronic circuit design and test experience essential 
and (3) Technical Writer, 
tion of instruction manuals for both Services and 


Engineers — elec- 
capable of prepara- 


industrial use. All applications will be treated in 
strict confidence, they should include full details of 
candidates’ qualifications and experience, and should 
be sent to The Personnel Manager, Salford Electrical 
Instruments, Ltd., Peel Works, Silk Street, Salford, 3, 
Lancs. W 3064 


SENIOR AND JUNIOR Electrical Engineers 
required for development work on a new range of 
industrial and laboratory electronic instruments. The 
appointments offer scope for orginality and provide 
useful experience in design and production for the 
application of electronics to modern industry. 
Knowledge of techniques involved in one or more of 
the following would be desirable: D.C. and low 
frequency amplifiers, filter circuits, stabilized power 
supplies, analogue computors. Please write giving 
details to: Head of Research and Development 
Department, W. G. Pye & Co. Ltd., Granta Works, 
Newmarket Road, Cambridge W 1064 


TEST LABORATORY ENGINEER required. 
Duties will include measurements on prototype 
equipment, supervision of test equipment calibration, 
preparation of test schedules and overseeing new 
projects into the Test Department. Experience in 
electronics industry and technical knowledge to Ist 


. year Higher National standard or equivalent essen- 


tial. Write with details of age, experience, qualifica- 
tions and salary required to Personne! Department 
(E.56) Murphy Radio Limited, Welwyn Garden 
City, Herts. W 3051 
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information sheet 





specification 





INPUT SENSITIVITY. Pos: 5V min., to Direct or Probe input. 
T) ne N530 Neg: 0.1V to G.M. Input (5 microsecs. differentiating time constant). 
YP INPUT RESOLUTION. 5 microseconds. 

AMPLITUDE DISCRIMINATOR, Only pulses with amplitude 
AUTOMATIC SCALER above pre-set level are counted. Acceptance level is variable between 
5-SOV., and the voltage is shown on the meter. The discriminator 
: operates directly for positive inputs of 5—-SOV., and after the input 
= ne amplifier, for negative inputs 
SCALING CIRCUIT. The first two decades use hard valve scale-of- 
ten circuits ; the other four, ‘Dekatrons’. For uniformity of presenta- 
tion, patented indicating tubes are used with the two fast decades. 
TIMER. Presentation of time intervals up to 100,000 secs. (0.1 sec. 
units) by ‘Dekatrons’. Timing unit operates on 50 or 60 c/s mains 
(as ordered) or, for greater accuracy, an external 50 or 60 c/s 
frequency may be used 
AUTOCOUNT. The scaler can be automatically stopped at these 
predetermined counts: 100, 300, 1,000, 3,000, 10,000, 30,000, 
100,000, 300,000, 1,000,000. When the set figure is reached, the 
timer records elapsed period. Stopping time is about 2 milliseconds. 
AUTOTIME. The scaler can be automatically stopped at a pre- 
determined time, when the total count will be presented. Settings are: 
100, 300, 1,000, 3,000, 10,000, 30,000, 100,000 secs. If Autocount and 
Autotime switches are both ‘on’ the scaler stops at the count or 
time reached first. 
MANUAL OPERATION. The scaler works independently of auto- 
matic circuits when Autocount and Autotime are both ‘off’. 



































THE EKCO N530 Automatic Scaler is TEST FACILITIES. A Mains Frequency test will check Count and 
Time circuits, and the stopping system. A 1 c/s test button checks the 
a combined Scaler and Timer which incorporates first decade sequence. 

H.V. SUPPLY. Output voltage is variable over two ranges 250—1,000 
a stabilized high-voltage supply suitable for oper- and 500-2,000V. and is shown on the meter. Output current: 100 
ee : microamps up to 1,500V. decreasing to 10 microamps at max. 
ating a G.M. tube or Scintillation Counter, an voltage. Ripple, spurious pulses: less than 5 millivolt peak. H.V. 

’ w. ‘ , 2 supply may be switched off when not needed 
input amplifier and a pulse height discriminator. STABILITY. Mains voltage variations up to 10°, do not affect 
. : scaling and timing circuits. The timer is directly dependent on mains 
It can be used to time a predetermined count, to frequency unless an external standard is used. Stability of H.V. for 





mains voltage variations of 10% is 0.5% 

EXTERNAL SUPPLIES. Power is available at the ‘Probe’ plug for 
operating an Ekco N550, N559, or N509 Scintillation Counter, a 
G.M. Probe, or Quench Unit 





count for a predetermined time or as a manually- 





operated scaler. 






With the addition of a suitable radiation counter MAINS INPUT. 110-120V. and 200-250V. 50 or 60 c/s (as ordered) 
Consumption 130 watts. 
it forms a complete counting and timing equip- DIMENSIONS. Complete in case 21” x 154” x 164” deep. Weight 





61 Ib. Also to special order for rack mounting: 19” x 12}” x 14” deep. 
Weight 41 Ib. 





ment. 











EKCO 
Ekco Works, 





ELECTRONICS LTD 
Southend-on-Sea. Essex. Telephone: Southend 49491 


sales, installation 









and service 
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TECHNICAL ASSISTANT required in Service 
Department with a good working knowledge of 
radio and allied subjects. Duties include the handl- 
ing of technical correspondence, preparation of 
literature and liaison between department and 
factories. Should have a wide knowledge of 
English and good appearance. Education to ONC 
or equivalent. Permanent staff position with good 
prospects. Apply Siemens Edison Swan Ltd 
W 3076 


ref. /JAR, 155, Charing Cross Road, W.C.2 


TECHNICAL SALES REPRESENTATIVES. A 
West London Company well known for its range 
of electronic and electrical equipment having world 
wide application has vacancies for Senior Engineering 
Sales personnel. Applicants, preferably between 30 
and 40, should have a sound engineering education 
and experience in one of the following: (a) Electronic 
Equipment, (b) Light Electro-mechanical Equipment 
and (c) Instrumentation Equipment. The appoint- 
ments involve technical negotiations with Govern- 
ment Establishments in this country and abroad and 
with industrial organizations concerning the Com- 
pany’s products and development programmes, A 
good commencing salary will be offered to suitable 
applicants capable of representing the Company in 
these responsible positions. Please write fully and 
in confidence, stating qualifications, experience, age 
and salary desired to Box W 3042. 


TEST ENGINEERS required for interesting work 
in connection with Radar, Computers, Machine Tool 
Control Units, Camera Channels, Microwave 
Links and similar electronic equipment. Applicants 
must have sound theoretical knowledge of electronics 
backed by practical experience in H.M. Forces or 
Industry. Staff positions and Superannuation 
Scheme. Single accommodation available. Saturday 
morning interviews by appointment. Apply, giving 
full details to Personnel Department (C.E./21), 
E. M. I. Ltd., Hayes, Middx. W 3038 


THE RESEARCH COMPANYof a large group of 
Textile Machinery Manufacturers require a young 
man to design and construct electronic apparatus, 
mainly in the low frequency range. Qualifications 


H.N.C. in electronics or equivalent. Apply T.M.M. 
(Research) Ltd., Holcombe Road, Helmshore, 
Rossendale, Lancs. W 1036 
THE FAIREY AVIATION COMPANY 


LIMITED. Technical Assistants required for the 
manufacture and servicing of Electronic Equipment 
used in the measurement of stress and vibration 
in fixed and rotary wing aircraft at Hayes and at 
White Waltham Aerodrome. Applicants should be 
of City & Guilds Radio Ii standard and have pre- 
vious experience in servicing electronic equipment. 
Please apply to the Personnel Manager at Hayes, 
Middlesex. WwW 3040 


THE GUIDED WEAPON DIVISION of a 
large Engineering Company (London) have a 
number of vacancies for design and/or development 
engineers who have had at least three years’ practical 
experience in the design and/or development of 
electronics equipment and who hold one of the 
following qualifications: B.Sc., Grad.1.E.E., Grad. 
Brit...R.E., H.N.C. (in Electronic Engineering), 
City of Guilds full or Final Technological Certificate 
in Telecommunications Engineering. In addition 


to the above, there are a limited number of vacancies 
available for persons who have no industrial ex- 
perience and who hold one of the above academic 
qualifications. 
Box W 3044. 


Please reply, giving full details to 







ELECTRONIC ENGINEERING 


WANTED for The Research and Development 
Organisation, A.G.I. Ltd.. Lansdowne Road, 
Croydon (a) Senior Electronics Engineer 
with experience and technical ability. (b) Senior 
Design Draughtsman having had experience in the 
design of small mechanical devices. (c) Senior 
Draughtsman with experience of handling Electronics 
Equipment and preparing Layouts etc., and to act 
as Project Engineer for this type of work. (d) Inter- 
mediate Draughtsman or experienced Detail 
Draughtsman preferably having had experience of 
small mechanical devices. (e) Instrument Makers 
for. Model Shop W 1070 


WAVE FILTERS. Electrical Engineers, Mechanical 
Engineers and Physicists and required to initiate a 
new project in the development and preproduction of 
There 
is considerable scope in this rapidly growing field 
for men of ability and initiative. Application should 
be made to: The Staff Officer, reference 8220/HR. 
Standard Telephones and Cables Limited, Connaught 
House, 63, Aldwych, London, W.C.2. W 3039 


electrical and electro-mechanical wave filters. 





SITUATIONS VACANT Continued on p. 8 








SITUATIONS WANTED 


ELECTRONICS TECHNICIAN 39 at present 
employed in south of England seeks position in 
Scottland or north of England. Experienced in 
recording techniques, aircraft instrumentation, data 
reduction equipment and radar. Box No. W 1065. 








CAPACITY AVAILABLE 





ASSEMBLY-WIRING CAPACITY available 
Radio Electronic Industry. Cable forms, metal work, 
turned parts, engraving etc. Long or short runs. 
High standard. Surie & Co. Ltd. Bushey Heath, 
Herts. Phone 1256. W 1035 


GLASS-BLOWING and glass-to-metal seals for 
the electronic and electrical industry, specials and 
batch runs. Sordoviso Switchgear Lid., Duke St., 
Loughborough. W 1067 





BUSINESS OPPORTUNITIES 





ADVERTISERS with small well-equipped works, 


are desirous of meeting designers of Electro- 
Mechanical devices, Instruments, etc., with a view 
to developing and/or manufacturing 


Financial 
backing would be considered. Box W 1066. 


SERVICE 








A NEW SERVICE FOR INDUSTRY. To 
meet the changing requirements of industry in the 
European Common Market, and free trade zone, & 
large and well bli ing group in the 
London area offers a complete consultancy service 
to firms who may be faced with increasing develop- 
ment and marketing difficulties. Having ourselves 
been faced with the necessity of providing facilities 
for market research, design, development, model 
shop, tool making, type testing, etc., we are able to 
offer a complete consultancy service backed by all 
necessary engineering and marketing facilities to 
assist firms requiring it and we work closely with 
American Associates specialising in placing U.S. 
patents in this country and can, therefore, help in 
finding new production items. This offer is primarily 
directed towards firms requiring it for a limited 
period in order to find new lines and develop them 
to pilot production stage. The total available 
capacity of this service is estimated at £250, 000 p.a. 








OPTICAL MECHANICAL INSTRUMENTA- 
TION, trg Instrument Co., Ltd., 284, Western 
Road, S.W.19 (MIT.2241) Specialize in develop- 
ment and aan Setch production, including all types 
of optical glasswork. Design and prototype manu- 
facturing facilities available. W 1042 


TRANSLATIONS _ scientific and technical 
from any language into English, Russian and 
Japanese, two guineas per 1,000 words, lower rates 
for other languages. Inquiries to: ‘‘Translations”’, 
71, Peplins Way, Brookmans Park, Herts. W 1068 






EDUCATIONAL 





BOROUGH POLYTECHNIC, Borough Road, 
S.E.1. Department of Electrical Engineering and 
Physics Special Lecture & Laboratory Courses in 
Electronics. For the session 1958/59, Special Ad- 
vanced Lecture Courses will be held in the following 
subjects Supporting Laboratory Courses will be 
held in those asterisked. Full particulars will be sent 
on application to: The Secretary, Borough Poly- 
technic. Borough Road, London, S.E.! * The 
Principles and Applications cf Transistors * Pulse 
Techniques Pulse Communication Svstems Storage 
Svstems for Digital Computers * Desian of Pulse 
Circuits Electronics at Low Temperatures * Nucle- 
onic Circuitry. W 3085 


BOROUGH POLYTECHNIC, Borough Road, 
S.E.1. Electronics at Low Temperatures. A course 
of 12 lectures will be given at the Borough Poly- 
technic on Friday evenings at 7.00 p.m., commencing 
the 3rd October, 1958. The lectures will be given by 
specialists from Industry and the Universities and 
the aim of the course is to introduce the Physicist 
and Electronic Engineer, to some of the recent 
developments in what promises to become an 
important field of application. Lectures will be 
given in Low Temperature physics and in the manage- 
ment of a low temperature laboratory as well as in 
the practical electronics applications Further 
information and application form may be obtained 
from the Secretary. WwW 3084 


CITY AND GUILDS (Electrical, etc.) on “NO 
PASS—NO FEE” terms. Over 95 per cent suc- 
cesses. For full details of modern courses in all 
branches of Electrical Technology send for our 
144-page handbook—FREE and post free. B.LE.T. 
(Dept. 337c), 20 Wright’s Lane, London, bes = ses 


FREE ! BROCHURE giving details of course in 
Electrical Engineering and Electronics, covering 
A.M.Brit.LR.E., City and Guilds, etc. Moderate 
fees. Write to E.M.I. Institutes. Dept. EE29. 
London, W.4. (Associated with H.M.V.) W 4953 


MIDDLESEX COUNTY COUNCIL. Educa- 
tion Committee, Southal! Technical College, Bea- 
consfield Road, Southall (Tel: Southall 3448). 
Sandwich Course. For session 1958/59, Sandwich 
Diploma Courses in Electrical Engineering with 
Special Reference to Applied Electronics will 
commence on 22nd September, 1958. Available to 
holders of Ordinary National Certificate with credit 
passes in assessed subjects. Applications to Principal 
or Head of Electrical Engineering Department 
Higher Technology Courses. Courses, commencing 
on 29th September, 1958, will be held in Advanced 
Mathematics for Engineers, Transistors, Servo- 
Mechanisms, Pulse Techniques, Radio Telemetry, 
Industrial Electronics, Analogue Computers, Digital 


Computers and Numerical Methods for Digital 
Computers. Further information may be obtained 
from the Principal. W 3053 


T.V. AND RADIO—A.M.Brit. LR.E., City & 
Guilds, R.TE.B. Certificate, etc... on “No Pass 
—No Fee” terms. Over 95 per cent successes. 
Details of Examinations and Home Training 
Courses in all branches of Radio and T.V. Write 
for 144-page handbook—Free. B.LE.T. (Dept. 
337H), 29 Wright’s Lane. London, W.8. Ww 187 


FOR SALE 





GUARANTEED MAGSLIPS at low prices, 3in. 
Resolver No. 5 (AP 10861), 5Ov, 50c/s. Unused, 
each in tin, 35s. post 2s. Id. Large stocks of these 
and other types.—P. B. Crawshay, 94 Pixmore Way, 
Letchworth. Herts. Tel.: 1851. W 321 


MAGSLIPS, SELSYNS and many other items 
with automatic and remote control 





of which approximately £100,000 will 
available to firms outside the organisation, whatever 
amounts are required. All correspondence will be 
treated as strictly confidential. incipals please 
write to Box W 2812. 


a All types cabinets, chassis 
etc., to your own specifications. Phillpot’s 
Metal Works Ltd., Chapman Street, Ln. 








mechanisms are marketed by Servo & Electronic 
Sales Ltd. Brochure available on request. See 
our display advertisement on p. 164. W 202 


WIDE RANGE OSCILLATOR, Dawe 400 
A.20C/S to 20 Kc./S. at £75 (Cost £125). Sensitive 


Valve Voltmeter, Dawe 614B. 3mV to 30V, £45 
(Cost £86). Both the above used 2 or 3 times only. 
Tel. Wembley 7493. W 3062 
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If you are experienced in the 
design of high quality instruments, our 

Technical Director would be glad 
to hear from you. 


Thinking about an 
oscillograph? 


The choice of the correct instrument can be a difficult one. Before selecting, we invite you 
to apply for technical details of our range of oscillographs which include 

low-frequency types for Industrial, Medical and Research purposes; wide-band 

instruments for high-frequency and pulse work; kit-type oscillographs and a range of 
special single-purpose instruments. 

Published specifications are free of ambiguities and equivocation and are rigid/y maintained: 
this is your safeguard against disappointment in the behaviour of your chosen instrument. 
The Technical Advisory Service will be glad to help you with your selection. 


RR sR MENTS LIMITED 


The Instrument Company of the Cossor Group 


Write for information to:— 


COSSO 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, N.5, ENGLAND — 


Telephone : CANonbury 1234 (33 lines) Telegrams : COSSOR, NORPHONE, LONDON Codes : BENTLEY’S SECOND Cables : COSSOR, LONDON 
TAS/Cl.? 
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The 
U.K.A.E.A. 
has 


=. > 


for trained and experienced 


ELECTRONIG MECHANICS 


and 


INSTRUMENT MAKERS 








Lodging allowance is payable to successful married 
applicants living beyond daily travelling distance 
while waiting for housing. 


Send post card for details and application form 
stating vacancies for which applying and quote 
reference number 158 P.A. 42 to the Group Labour 
Manager, A.W.R.E., Aldermaston, Berks. 




















FULLY EXPERIENCED 


DOMESTIC RADIO X T.V. 
CABINET STYLIST 


required by well known Radio and Television 


Manufacturing Company in London. 


Applicants should possess creative ability and be fully 
conversant with mass-production cabinet techniques. 

The work will involve full responsibility for a project from 
original sketches to the production drawing stage. 

Salary commensurate with ability, but not less than £1,500. 


Stylist earning less than £1,500 should not apply. 


BOX NO. W-3030 


ELECTRONIC ENGINEERING 





Trials Engineers 


Further expansion in the field of Guided Flight prompts 
Saunders-Roe Limited to again advertise for additional 
staff to work in their 


Rocket Development Department 


Suitably qualified men, particularly those with design and 
practical experience of servo-mechanisms, electro-mechanical 
and electronic devices and instrumentation are asked to 
write, giving brief details of their careers to date, to the 


Personnel Officer, 
SAUNDERS-ROE LIMITED, 
East Cowes, Isle of Wight. 

(Ref. EE/03 should be quoted.) 














ELECTRONIC ENGINEERS 





Experienced engineers are required for the design and development of data 
logging and computing equipment. A knowledge of analogue and/or digital 
computing techniques is desirable though not essential. Candidates should 
have experience of circuit design and possess a sound practical background. 
Qualifications required are either degree, H.N.C., or equivalent. Vacancies 
also exist for less experienced staff and applications are invited from those 
interested in a progressive career in an expanding industry. Minimum 
qualifications for juniors are O.N.C. or equivalent. Please write giving 
full details of qualifications and experience to the:- 


Employment Manager, 
PANELLIT LTD., 
70 Dudden Hill Lane, Willesden, N.W.10. 








A. V. ROE & CO. LIMITED 
WEAPONS RESEARCH DIVISION (Guided Missiles) 
WOODFORD, CHESHIRE 


APPLICATIONS GROUP 
SENIOR AND JUNIOR ENGINEERS AND PHYSICISTS 


Due to rapid expansion, personnel are required for the development of high 
performance control systems 
Applications are invited from qualified personnel of degree and H.N.C. 
standard, preferably with at least five years’ experience for the senior 
posts and one to two years for the junior posts and one or more in the 
following fields :— 

1. Electro hydraulic servo systems. 6. Production test equipment. 

2. System Analysis. 7. Prototype testing. 

3. General electronic applications. 8. Environmental testing. 

4. Transistor applications. 9. Small mechanisms. 

5. Magnetic Core applications. 
These are progressive posts in a young and expanding Division. Salary 
in accordance with qualifications and experience. Pension and life 
assurance scheme of the Hawker Siddeley Group available 
Applications stating age, qualifications and experience quoting Ref. No. 
WRD/MJC/R. 187/E should be sent to 
The Personnel Manager, A. V. ROE & CO. LIMITED, Greengate, 

Middleton, Manchester 
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CAMERA TUBE RESEARCH 


Applications are invited from men with a Ph.D. 
or good Honours Degree who would like to join a new 
research team working on Television Camera Tubes 
and other Photo-electronic devices. Experience in this 
field is not essential but candidates must have a sound 
basic knowledge of photoconductivity, solid state 
physics or physical chemistry. Practical experience in 
these fields, or in vacuum technology would be 
valuable. 


Brief details in first instance to Central Personnel 


Services, Marconi House, Strand, W.C.2. Please 
quote reference EE1506P. 
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SENIOR ENGINEERS 


ELECTRONIC AND ELECTRO-MECHANICAL 


Solartron offers.... 


Stimulating atmosphere encouraging creative ability. Rapid advancement 
on ability, and effective contribution. Informal personal relationships, 
small group organisation structure. Maximum delegated responsibility 
at all levels. Secure career opportunities. 


These are a few of the reasons for the success of one of the most rapidly expanding companies 
in this country. 


If you have leadership experience or potential there are outstanding opportunities within 
the Solartron Group at Dorking, Surrey and Farnborough, Hants, in the following fields :— 


ADVANCED INSTRUMENTATION + ANALOGUE COMPUTERS 
CHARACTER RECOGNITION + DATA RECORDING 
DIGITAL TECHNIQUES * ELECTRO-MECHANICAL DEVICES, 
INDUSTRIAL CONTROLS + RADAR SIMULATION 


WHY NOT DISCUSS YOUR FUTURE CAREER WITH US? 


Please apply to:— 
The Group Personnel Officer, 
THE SOLARTRON ELECTRONIC GROUP LTD., 


Thames Ditton, Surrey 
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The English Electric Company Limited 
GUIDED WEAPONS DIVISION 
STEVENAGE 





SENIOR SERVO ENGINEER 


An experienced Engineer is urgently required to 
lead work on servo theory and component design 
as applied to electro-mechanical and electronic 
These servos are associated with precision 
instruments, mainly gyroscopes and accelerometers. 
Salary up to £1,500 p.a. 


servos. 


Other less senior posts are available for specialised 
work on magnetic amplifiers, pick-offs, torque 


motors, small drive motors and associated trans- 
istorised circuitry. 

Salaries up to £1,200 p.a. 

Housing assistance may be given to selected 


candidates. 


Apply to Dept. C.P.S., 336/7, Strand, W.C.2. 
quoting Ref. EE1306F. 
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FULLY QUALIFIED 
AND EXPERIENCED 


TELEVISION DESIGN 
ENGINEER 


required by well known Radio and Television 
Manufacturing Company in London. 


The Engineer selected will originate new 

110° circuit designs and be fully responsible 

for mechanical design in relation to a new 
cabinet styling programme. Only Engineers 

with proven ability in this field should apply, 
giving full details of qualifications and experience. 
Salary will be in the region of £1,700, 

dependant upon qualifications. 


BOX NO. W-3031. 


ENGINEERING 


ELECTRONIC 








| 
| SYLVANIA-THORN LABORATORIES LTD. 


| DEVELOPMENT STAFF FOR C.R. TUBES 
| CATHODE RAY TUBE ENGINEER 


An opportunity occurs for a man to specialise in the design and develop- 
ment of Industrial and Television Tubes applicant 
should be able to assume the responsibility of Senior Design Engineer. | 








The successful 


Previous experience, particularly in the field of electron optics, is essential 





This position is progressive and carries a high salary together with 1] 

| 
| Optional entry to the Contributory Pension and Life Assurance Fund. 1 
| | 
| 


Director & General Manager, 

SYLVANIA-THORN LABORATORIES LTD., || 

Great Cambridge Road, Enfield, Middlesex. | 
I 


1] 1 
WRITE TO:— 1] 
} 
| 











TRANSISTOR APPLICATIONS ENGINEER 
MISSILES, COMPUTORS, INDUSTRIAL 


Senior Engineer wanted to participate in a 
Transistorisation Programme. Engineers must 
have had experience and be able to contribute 
substantially to the Company’s efforts. 

removal 


Substantial assistance given with 


expenses and with housing. 


Box No. W. 3054 








TECHNICAL WRITER 


An experienced technical writer is required for the prepara- 
tion of technical handbooks for data logging, process 
control and computing equipment. Candidates must have 
the ability to translate engineers’ notes into clear, concise 
English. A good electronic background is essential and 
experience of semi-conductors is desirable. Knowledge of 
digital and/or analogue techniques will be ari Taig 
Qualifications required are either degree, H.N.C., or 
equivalent. 


Please write giving full details of qualifications and experience 
to the:- 





Employment Manager, 


PANELLIT LTD., 
70 Dudden Hill Lane, Willesden, N.W.10. 
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Telecommunications Executive 


An unusual opportunity will shortly occur for an engineer with the ability 
to administer a large decommunications maintenance organisation in 
West Africa. This is European staffed and is responsible io U.K. 
principals for the complete technical operation of an extensive trunk 
telephone and telegraph network employing V.H.F. radio links. 


Applicants should be chartered electrical engineers used to administering 
technical staff and experienced in the operational and planning aspects of 
multichannel communication schemes. 


This exceptionally attractive post will be on contract terms in the first 
instance, but it is expected that a suitable candidate would later join the 
Company's permanent staff with prospects of advancement with a leading 
United Kingdom manufacturer of radio equipment. 


Applications should be made giving full om. to Box EE4022 LPE 
Romano House, 399/401, Strand, London, fccthe 
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ELECTRONIC ENGINEERS 


A challenging atmosphere, highly qualified leadership, 
varied and interesting work, all the advantages of a 
small self-contained company plus the backing of a 
substantial Group of national repute: these are what 
Cottage Laboratories Ltd. has to offer. 

Electronic engineers are required for circuit design 
and development using both valves and transistors up 
to pre-production prototype stage. Permanent posi- 
tions starting from £700 to £1,100 per annum depending 
on experience and qualifications. Excellent prospects 
of advancement. Contributory pension and _ life 
assurance after probationary period. 

The Company is situated between Esher and Cobham 
in delightful country surroundings but within easy reach 
of London, and is well served by public transport. 
Ideal working conditions in modern laboratories. 
Five-day week, good canteen, sick pay, medical 
services, recreation and social club with sports facilities 
within the premises. 


The Chief Engineer would be glad to see you for an 
exploratory chat in strictest confidence. Write or 
telephone for an appointment to:— 


COTTAGE LABORATORIES LIMITED 
PORTSMOUTH ROAD, COBHAM, SURREY 


Telephone: COBHAM 3191 

















INSTRUMENTATION 
APPOINTMENTS VACANT 


In order to carry out an interesting expansion programme J Langham 
Thompson Ltd. require further staff to increase present departments and 
to create new teams to handle a wealth of new and interesting products 
The activities of the Company encompass the following fields :- 

Circuit Design : Mechanical Sensing Elements : V.H.F. 
and Microwave Receiver Design : Cameras : Light 
Electro Mechanisms : Data Reduction Systems : Servo 
Mechanisms : Digital Systems : Telemetry : Magnetic 
Amplifiers : Stabilised Power Supplies. 

Government and Commercial projects are carried out in our works and 
laboratories situated in Stanmore (Middlesex), Bushey and Watford 


(Hertfordshire) 


PERSONNEL REQUIRED 
SENIOR AND JUNIOR ELECTRONIC 
DEVELOPMENT ENGINEERS 
SENIOR MECHANICAL DESIGNERS 
DRAUGHTSMEN TEST ENGINEERS 


PROTOTYPE WIREMEN AND INSTRUMENT 
MAKERS 
The posts require initiative and drive Prospects of advancement are 
excellent Apply in writing stating age, qualifications, experience and 


some indication of the salary expected, to the:- 


Chief Engineer, 2/4, Wigton Gardens, Stanmore, Middlesex. 


J). LANGHAM THOMPSON LTD. 


88, High Road, Bushey Heath, Hertfordshire. 
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of Stevenage. 


SPECIAL ANNOUNCEMENT 


FOR 


ELECTRONIC AND MECHANICAL 


DRAUGHTSMEN 


As prime Contractors for the British L.R.B.M. it is necessary for de 
Havilland Propellers Limited to form a new Drawing Office Team which 
offers opportunities for experienced Electronic Draughtsmen to take up 


established posts of National importance. 


These posts provide the opportunity to work in amenable surroundings 
where housing will be available in appropriate cases within the New Town 


Special arrangements regarding interview can be made on written 
application stating details of age, experience, etc., quoting reference CTF2, 


PERSONNEL MANAGER, 


DE HAVILLAND PROPELLERS LIMITED, 


STEVENAGE, HERTS. 


All details will be treated in the strictest confidence. 
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The nearest approach to being your 


own master is to be a 


PROJECT ENGINEER 
in electronics 


with 


Advance 


Subject to a broad and reasonable directive 
you work on your own, handling instrument 
design from conception to production. We 
feel this means a degree, or the equivalent, 


and, say, five or more years’ experience. 

If you’ve got drive, have the ability to overcome 
difficulties, and appreciate the real meaning of a 
‘target’, we offer a position in an active growing 
company that will earn for you the most 
substantial rewards. 


You can do justice to your qualifications at 


dvante 


WRITE TO ROBERT GOODAY (CHIEF ENGINEER) 
ADVANCE COMPONENTS LIMITED 
HAINAULT, ILFORD, ESSEX 











DEVELOPMENT ENGINEER 


aged between 25-35 required by light engineering Co. 
situated in S.W. Essex, for electrical circuitry together with 
some mechanical and physical work. 


Applicants should possess H.N.C. in electrical engineering 
or equivalent. Advanced staff conditions and rates of pay. 
Canteen and medical facilities available. 


Apply in writing stating experience, age and salary required, 
quoting Ref. 3405 to Box W-3032. 





OPPORTUNITIES IN CANADA 


A new division of a major electronics firm needs: 
ENGINEERS—Electrical and Mechanical 
PHYSICISTS 
ELECTRONICS AND ELECTRON TUBE 

SPECIALISTS 

Experience in airborne electronics, radar, or systems would 

be helpful. 

LOCATIONS; Montreal, Toronto, some U.S. points. 

Interviews in the United Kingdom will be arranged at a 

later date. 

Send full résumé in complete confidence to: 

Dr. J. J. Brown, 
Placement Division, 
Industrial Automation Limited, 
1121 Sherbrooke ny W., 

Montreal, 
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if you OCU mmmmmanmss ma 
asmall METAL PRESSING 


for your product, why not consult us ? 


e * & 
We specialise in light precision 
presswork in all metals for the 


Electrical Trades 
QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 


80-81 BATH STREET, BIRMINGHAM 4 
Phone : CENTRAL 2492 
































DECCA RADAR LIMITED 
RESEARCH AND DEVELOPMENT 


Decca Radar have vacancies for several young QUALIFIED 
ENGINEERS to handle new types of radar projects. This 
work gives opportunities for research and development in 
the fields of Microwave Aerials and Components, Wide 
Band Radar Receivers, Valve and Transistor Circuitry and 
Radar Systems. 


While experienced men are preferred, those with the necessary 
qualities will be trained to take responsibility and to 
specialise in the field in which they show most talent. 


Applicants should write giving details of qualifications and 
experience to Decca Radar Limited (RIL/208) Radar Research 
Laboratory, Lyon Road, Walton-on-Thames, Surrey. 





THE NORTHERN POLYTECHNIC 

Holloway Road - London - N.7 

Principal: T. J. Drakeley, C.B.E., D.Sc., Ph.D., F.R.LC., 
F.LR. 








ENA OR tS 


Department of Telecommunications 


Head of Department: J. C. G. Gilbert, Assoc. I.E.E., 
M.Brit.I.R.E., F.T.S. 


Full-time Day, Part-time Day and Evening Courses in 
Telecommunications Engineering in preparation for the 
Full Technological Certificate of the City and Guilds of 
London Institute, and Graduateship of the British Institution 
of Radio Engineers. 


Full-time 1 year course in Radio Servicing and full- time 
1 year course in Television Servicing, also part-time day 
release and evening classes are held in these subjects in 
preparation for the City and Guilds of London Institute and 
the Radio Trades Examination Boards’ Certificates. Evening 
classes also cover Industrial Electronics, Radar Principles and 
Practice, Electro-acoustics, and audio frequency engineering. 
Special evening course in the principles and practice of 
Colour Television Engineering. All the above courses 
include practical laboratory and workshop experience. 


London fees: £30 per year, or £11 per term, plus £2 registra- 
tion fee, for full-time courses. (No fee for students under 
18 years of age.) 


Evening class fees range from 40/- to 55/-. 
Enrolment for day classes by appointment. 


Enrolment for evening classes, 5.30-7.30 p.m., 
17th September, 1958. 


New term commences 22nd September, 1958. 
PROSPECTUS FREE on application to the Secretary. 


16th and 
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THE DEVIATION BRIDGES 


Type 1504, 1505, and 1506 enable resistors, capacitors 
and inductances to be classified at a rate of 4000 units 
per hour when used in connection with the knee-ope- 
rated Test Jig Type 3901. 
The impedance deviation of the unknown unit from a 
known R,L or C standard are read off the instrument 
meter directly in °/,. Phase angle deviations are read 
. i ‘de off in radians. Impedance deviation ranges: = 1.5°/, to 
4000 Units . + 1, 5°/,, + 7°/, to + 8°/,, and + 25°/, to + 35°/,. Phase 
angle deviation ranges: (1.5 to +1.5) < 10° radians, 
(+7 to+7) x 107 radians, and (— 25 to + 25) x 10? 
radians. 
Interchangeable instrument meter scales. 


0 


Write or phone for further information 


Frequency 
ke /s 
102 — 10 M2 2 mH —100H 50 wuF — 10uF 1 


102 — 1MQ 0.2mH— 2H 30 uF VuF 10 


102 — 50 K2 20 uH-—- 20mH 20 wuF — O1uF 


Adr.: NARUM, DENMARK - Teleph.: NAARUM 800500 - Cable: BRUKJA, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 59 Union Street, LONDON S. E. I. 
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ADD A LITTLE 


Micro 
Switchcraft 


TO YOUR ENGINEERING 











Always more than 300 types 


of Micro Switches in stock 


Micro Switchcraft by 


Yo 

%, 
4 
Z 


Z 
Z 
Z 
y 
#. 


s 
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THE BRITISH MICRO SWITCH DESIGN 
AND MANUFACTURING SPECIALISTS 


BURGESS PRODUCTS CO. LTD., MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11. 


Tel:-Low Fell 75322. Telex: 53-229 
ELECTRONIC ENGINEERING 
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RELAY DESIGN PERFECTED 


Result of 3 year research plan at Plessey 


A top Plessey research team has been engaged on a special project—producing a 


superior, fault-free range of small D.C. relays — which is of special interest to all thos« 
concerned with equipment design. 

horough study of modern relay requirements plus the use of new materials and up to 
date manufacturing techniques have helped to evolve and perfect a series of relays of an 
unusually advanced design. 
The y offer a great variety of contact arrangements and ratings, and rigorous tests have 


shown them to be robust and consistently reliable. The Services type approved series of 


Plessey relays can be supplied either hermetically sealed or unsealed and has a very wide 


temperature range. 


For full information about this new range of relays write for Publication Nos. 103 and 110 


COMPONENTS GROUP THE PLESSEY COMPANY LIMITED 
ILFORD - ESSEX 


Overseas Sales Organisatio Pie 
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PERFECTION 
in action 
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Singleness of purpose and 
years of experience lie behind 
any apparently effortless 
performance. 

And so it is with springs. 

It's taken for granted that Salter 
Springs will keep on and on, 
doing their job with smooth 
precision — indefinitely. 

But it has taken nearly two 
centuries of skill and devotion 
to achieve so greata reputation 
for reliability that—ironically 
enough —the greatest compli- 
ment paid to Salter Springs is 
that you can forget them! 
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FOR TOP PERFORMANCE — SPECIFY 


fi evannaan nha haaelt 
peoeeeel , ile 


THE ALL=ACTION § SPRINGS 


























































































































GEO. SALTER & CO. LTD. WEST BROMWICH, ENGLAND. 


Established 1760 
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A New Technique 


in-Aerial,Design 


tn 





The system of Honeycomb Sandwich 
Construction, developed by Avro for 
aircraft, has been used with outstanding 
success for radar aerials. Using this system, 
Avro have designed and built large 
reflector faces both in single and double 
curvature which form an integral part of 
the aerial structure itself, thus saving 
weight and assuring accuracy of profile. 
Built in sections, such aerials are easy to 
transport and erect, while their light, 

stiff structure is capable of withstanding 
high wind forces. 

Companies associated with us in the 
Hawker Siddeley Group are experienced 
in the design and construction of the 
supporting frames, turntable and concrete 
foundations and have provided generating 
plant and electrical power equipment 

for similar installations. 




















“Sie” 9A. V. ROE & CO. LIMITED, Greengate, Middleton, Manchester 


MEMBER OF HAWKER SIDDELEY/ONE OF THE WORLD’S.INDUSTRIAL LEADERS 
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WILLIE THE WIREMAN says 
“fixing cables?...its just the job 


with Cradlectip!” 


“There’s no messing about with Cradleclip . . . makes 

me wonder why someone didn’t think about this idea 

years and years ago. Us chaps in the wiring bay and on 

the job all agree that Cradleclip really is twice as quick, twice as 
good, and certainly we can make more bonus!”’ Willie’s 
right... the one... two. . . and it’s done! slickness 

of Cradleclip gets the wiring done quicker (52%) and better, 
and Cradleclip’s remarkable versatility in conjunction with all 
its other outstanding features produces greatly beneficial 
advantages in every stage of switchgear production and 
wiring contracts. 


* 


# 


Photographs by kind Photograph of Cubicle Close-up of CRADLECLIP 
permission of South Control Board, showing installation 

Wales Switchgear, Ltd., CRADLECLIP 

Blackwood, Monmouth- 


shire 


JUST LOOK AT THESE CRADLECLIP FEATURES— 
Cuts wiring time by 52°, 


Combines high speed fixing with simplicity and complete 
security. 


Brings a new versatility, compactness and neatness to your 
wiring. 
Completely insulated and suitable for all climates. 

Electrical and mechanical security in all conditions. .-- AND IT’S DONE! 


Proved in wiring installations throughout the world. 


Send for fully descriptive literature 

on the Insuloid Cradleclip Wiring 

System now and find out about these other 

Insuloid products for greater cable 
fixing security and efficiency 

SAS and AS Adjustable Saddles 

NX, X and CV Cable Clips 

Ring Lock Bushes 

Busbar Insulation with P.V.C. Sleeving 

Flexiguard Cubicle-to- Door 

Cable Trunking 


TWICE AS GOOD — TWICE AS QUICK — WHEN YOU WIRE WITH CRADLECLIP 
INSULOID MANUFACTURING CO. LIMITED 


Sharston Works, Leastone Road, Wythenshawe, Manchester 
Tel: Wythenshawe 2842 & 3163 
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the 


Rivlin 














Range 









































of 














Eight 











A RANGE F¥PE+ 
COVERING EVERY 
REQUIREMENT 

PLUS 

SPECIAL TYPES 

TO Your Accuracy up to +0.1 per cent or +0.01 
PARTICULAR {2 whichever is the greater. 

NEED 














@ All values available in the range 0.1 Q 
to 3 Megohms with a temperoture 
coefficient of 0.002 per cent °C. 


The Rivlin range of eight precision wirewound resistors, @ Standard retings: 3W, 3W, eW, SW, 
= & IW, 2W. and 3W. 


from $w to 3w, now covers most normal requirements. 


@ Low-Inductance windings available in 
most sizes 


Additionally special types, higher ratings and American 


equivalents can be supplied to order. Skilled design 


and the highest standards of craftsmanship in production R/ YV L / N— 

combine to give Rivlin their firm reputation for making The ‘OHM ‘of Reliability 
precision resistors that are without equal. Add to these 

the fact that the name Rivlin is a byword for personal fee oh i. Bm 

service and quick delivery, and you have the reason for . : : 

which Rivlin describe themselves and their products as 


‘the OHM of Reliability’. 


RIVLIN PRECISION WIREWOUND RESISTORS 


RIVLIN INSTRUMENTS LIMITED 


RIVLIN INSTRUMENTS LIMITED 
DOMAN ROAD, CAMBERLEY, SURREY 
Telephone: CAMBERLEY 2507/8 


ELECTRONIC ENGINEERS 


London Office: Tel. Swiss Cottage 3038 
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re NEW 


PENDEFORD 


LIIMETER 


‘ - 
| _ 
— | 
| | 


A SELF-CONTAINED PORTABLE SYSTEM OF INSTRUMENTATION 


























































































































































































































Direct reading of pressure, strain, torque, 
displacement, load, tension; electrical 
output for remote indication and recording. 


LIGHT IN WEIGHT—SIMPLE TO OPERATE— VERSATILE 


SPECIFICATION 

Energising supply : 5.0 v.; Max. current 200 mA ;Frequency | Kc/s; 

Electrical output + 0.15 mA full scale into 1,500 ohms load ; 

Mains supply 200-250 v. 50 c/s; Dimensions 15” x 9” x 6” deep; Weight (approx.) 20 Ib. 


Make checks in situ at different locations with varying problems, quickly and easily 
with this new Multimeter. Just plug-in the appropriate transducer, set the 6-position 
selector switch and read off pressure, tension, load, strain or displacement on the 
directly calibrated scale. In addition, recording or control can be carried out and the 
instrument is provided with an electrical output for this purpose. 

Why not write us for full details of the new Multimeter and our new type 
transducers, all specially designed to simplify testing. 


Typical transducers for use with 
the New Pendeford Multimeter 


Write for full details of the Multimeter and our new type transducers. 


BPA. tlectwnics fox measurement and control 


BOULTON PAUL AIRCRAFT LTDO., WOLVERHAMPTON. 
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THE NEW «microcon’ 
PRINTED CIRCUIT CONNECTORS 


Microcon Printed Circuit Connectors are designed to meet 
the requirement for a light, compact, multi-way plug and 
socket, giving greater reliability and longer life than the edge 
connector method. Other patterns will soon be available, as 
well as the ten-way connector shown here. 


The pitch of soldering tags is suitable for a 
board punched to a standard module of O'1”. 


Two types of plug are available—the first 
has the solder tags orientated at 90° to the 
contact blades, the second has solider tags 
that are a continuation of the blades. 


A metal cover can be fitted to either the plug 
with the straight blades or to the socket, and 
the mating unit can be supplied with wire 
retaining loops. 


12 
na 


iz 


le 
. 


The two- part diecast cover, whose inner 
surfaces are insulated against short-circuit- 
ing, allows the connections to be checked 
physically and electrically without disturbing 
the clamping of the cable 


j 


Fi 
=~ PN 


For polarizing purposes, when several connec- 
tors are mounted in close proximity, one or 
more contacts can be removed from each plug 
in various combinations, the corresponding 
contact in the mating socket being blanked 
off by special polarizing keys. 





























iliustrated are some of the Write for technical leaflet 
styles availabie 


1958 


Painton & Co. Ltd. 


KINGSTHORPE NORTHAMPTON 
Tel: 32354-5-6 Telegrams: ‘Ceil, Northampton’ 
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YOU 
are invited 
to write for 


a FREE copy 


Nickel alloys provide for the designer a 
range of materials with a wide variety of 
magnetic properties. These include, on the 
one hand, the “ soft ” magnetic alloys, amongst 
which are found the highest permeabilities 
ever reported, and, on the other hand, steels 
which are sensibly non-magnetic. 

A further group contains the most powerful 
permanent-magnet materials known, whilst yet 
another class provides the optimum properties 
for applications depending on magnetostrictive 
effects. 

The high level of magnetic properties not only 
permits economic advantages, in saving the 
bulk and weight in equipment, but makes 
possible technical performance unattainable 
with other materials. Further advantages may 
often be realised in improved corrosion- 
resistance compared with that of other 
ferro-magnetic materials. 

To give engineers and designers the fullest 
technical data on these important properties 
we have available a new publication “ The 
Magnetic Properties of the Nickel-Iron 
Alloys”. You are invited to write for a free copy. 


@> THE MOND NICKEL CO. LTD. rTHames House - MILLBANK + LONDON S.W.I 


ca 21he 
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MS Cold-Curing Silicone Rubber 


Electrical 
Insulating 


Materials 





This metal rectifier and audio output 
transformer have been encapsulated 
using MS Cold-Curing Silicone Rubber 
which provides a waterproof, resilient 
covering for long-term use at tempera- 
tures up to 200°¢ 


MS COLD-CURING SILICONE RUBBER 


— Needs no heat to cure it. The addition of a catalyst is all 
that is required to cure at room temperature. The curing 
time may be varied from a few minutes to several hours 
according to the proportion of catalyst added. 
Possesses the excellent dielectric properties, heat en- 
durance and high thermal conductivity associated with 
silicone rubbers. The material retains its resilience at both 
high and low temperatures and has excellent resistance to Other Electrical Insulating Materials employing MS Silicones include 


weathering and oxidation. SILICONE COATINGS POR SILASTOMER COATED GLASS SILICONE RESIN BONDED 
RESISTORS BRAID FLEXIBLE SLEEVING GLASSCLOTH LAMINATES 


— Opens up new fields for designers. It can be used by 

unskilled operators to fill voids round lead wires of coils 

and motors, for impregnating coils, and for other similar TYPICAL PROPERTIES OF MS COLD-CURING SILICONE RUBBER 

sealing or potting applications. It is also used for making Tensile strength Ib/sq.in 450 Permittivity at 1 Mc/s 0 

flexible moulds in which epoxide resins are cast. Electric strength, on 10r mple, { in, Power Factor, at | Mc's OoE 
ifs : p electrodes at 20°C instantaneous value Volume Res stivit 

Write for full information to: V/mil ( ohm.cm.500 Volts d.c 


MIDLAND 3 fete} i= first in British Silicones 


LTO 


Associated with Albright & Wilson and Dow Corning Corporation 


19 UPPER BROOK STREET * LONDON WI * TELEPHONE GROSVENOR 4551 Area Sales Offices: London + Birmingham - Glasg 
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or first class work... 





NN 














THE BROXLEA WORKS provide exactly the light and airy 
conditions required to achieve the consistent quality of workman- 
ship high-grade sub-contracting demands. Cavity walls and 
the latest system of under-floor heating help to ensure that these 
conditions are always maintained; while unit-construction 
benching, with individually-switched fluorescent lights, allow 
rapid alterations of layout to suit changing types of work. 


In the WIRING AND ASSEMBLY bay shown here more than 
200 people are accommodated without congestion. “Jobs in 
progress” include telecommunications equipment and relay 
adjusting for a big firm which has used the Broxlea service for 
upwards of nine years, and various types of electronic gear for 
other companies of international standing. 


Other parts of the factory house a large cable-forming section, 
a computer assembly bay, and a Special Products Group con- 
centrating om prototype and pre-production runs of modern 
automation and electro-mechanical control devices. 























15 miles from central London on the main 
AlO road to Cambridge, the Broxiea 
works are designed and laid out to 
provide ideal conditions for the specialist 
sub-contracting work handled. 








BROXLEA 
PRODUCTS 
LIMITED 


A.1.D. approved sub-contractors 


PARK LANE, 
BROXBOURNE - HERTS 


"Phone: Hoddesdon 4455 
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In quantity production 
and available now for 
industrial applications 


NEW High Gain 
- Audio Transistor 
0675 


gives you more 
than you had before 

















































The new general purpose audio transistor OC75 gives you more gain 


than earlier types and its large scale production gives you the 






assurance of immediate availability. It is a high current gain 





development of the widely used OC71 and its «’ range is from 





60 minimum to 130 maximum at 3mA collector current. 





Transistors OC70 and OC71 will, of course, remain fully available 





for those instances where the characteristics of a lower current gain 





stage are required. The present family of 3 types, the OC70, OC71 





Abridged Data and OC75, each with a comparatively narrow range of «’ spread, 





Typical current gain with grounded emitter («’) 90 therefore covers all designers’ requirements for low level audio 





’) 


Maximum voltage, d.c. (V 





“ae amplifiers, low power low speed switching, low power non-linear 
Maximum voltage, peak (V) aa one oe = 
Maximum collector dissipation at 45°C (mW) ... 75 
75°C applications in which general purpose audio transistors are used. 





applications, industrial control and interlock circuits and the many 






Maximum junction temperature 
(continuous operation) 





Write to the address below for full data on the OC75 and other 





Maximum junction temperature ; wa - 
(intermittent operation—total duration 3 200 hours max.) Mullard transistors. 








ecient 
[Mullard] 
A 











MULLARD LIMITED 
Semiconductor Division 


Mullard House - Torrington Place 
London, W.C.1 - LANgham 6633 










semiconductor 
division 












FMIS2 
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TRANSISTORISED 
POWER SUPPLY UNITS 


%* Fully transistorised 
%* Double Zener Diode Reference 


% Output—positive or negative to chassis 





Type TSV.12 


(Type TSV.12 now available with 


PRICE £39/ I 2/6 5 amp. output — TSV.12/5) 


BRIEF SPECIFICATION 
Input Voltage: 90 to 130 and 200 to 240 volts 
Maximum Current: |.5 amps. at 12 volts 

Output Impedance: Less than 0.06 ohms up 


to lkce/s 


Ripple: Less than ImV 


variable 


type ts* PRICE £29/18/6 


TSF. Any voltage between 0.5 to 12.5 volts. 
Voltage reference supplied as plug-in unit. 
Other output voltages can therefore be 
obtained by changing voltage reference. % 50V at 5 amps. model, 
Additional reference voltage panels £9 0 0 and constant current model, 


now available. 


each. 


' 
TSV.12: 0.5 to 12 volts continuously : 
1 
' 
1 
i 
! 
' 
! 
' 
! 
! 







|} ARNELL Instruments LTD 


WETHERBY INDUSTRIAL ESTATE, YORK ROAD, WETHERBY, YORKSHIRE. 








! 
Sole Distributors for Southern Counties: Racal : Scottish Distributors: Messrs. A. R. Bolton and Co., 
Engineering Ltd., Western Road, Bracknell, Berks. ; 3a, St. Vincent Street, Edinburgh, 3.  Tel.: 
! 


Tel.: Bracknell 941. Edinburgh 32035. 
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it takes more than one good catch to make a fisherman 


.and it takes more than one success to make a business 
While we won't go through a full list of our successes in 
the past (let’s just say that several very well known 
concerns are our regular customers), if lor *xperience in the 
highest quality precision moulding is what 
you're looking for, plus the capacity to turn outa job 


bang on time, contact: 


Metropolitan Plastics Ltd 


2 sive 4, 


<< 
g a ; 
ZARLA) Specia n the —setting plast 


oi caste 


Glenville Grove, Deptford, London SE8 
Telephone: Tipeway 1172 


SEPTEMBER 1958 ELECTRONIC ENGINEERING 





EE 1022 for further details 


UL a 


. 
AYA 


2. 


ese ea 
Sana 


We’ve come a long way since the fourth Earl 
of Sandwich fortified himself at the gaming table 
with a convenient form of food which still bears 
his name. Just as convenient, and no gamble, is 

the electronic sandwich which today is finding 


wide application in industry. Cossor Strip 


3 
et 
3 


Transmission Line is the perfect sandwich 


recipe for the construction of complex 


rere 


microwave systems. 


SOME OF THE ADVANTAGES: 

* REDUCED COSTS AND PRODUCTION TIME 
% PHOTOGRAPHIC REPEATABILITY 

* NO MACHINING 

* MINIATURISATION IS ASSISTED 





Come and have a chat over 
a sandwich. We also have 


sandwiches for Radar 


Cossor design staff will work with you and advise on a 


Reflectors and Yokes in aspic 
for your PPI displays. 


wide range of applications, including high-performance 


filters, hybrid rings, power dividers, directional couplers and 








fixed or variable attenuators. 





at Stand 235 — Farnborough 
COSSOR RADAR & ELECTRONICS LIMITED 


One of the Cossor Group of Companies 
COSSOR HOUSE + HIGHBURY GROVE + LONDON =: N.¢ 
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Miniature 


high speed relay 





O- 42ms. 
a Pr 
| 
| 
| f ar in relay coil 
ly 
eee 


Current in | 
break contact 


VWF WWW 


| Millisecond wave (1000~fork ) 

















Oscillogram of the operating-lag of the break contact 


This small relay has earned for itself a world-wide 
reputation on account of its very rapid 

operation, great reliability and insensitivity to 
external mechanical and electrical disturbances. It was 
originally designed to meet very severe 

conditions called for by the Services; it is now in 

use in vast numbers for all manner 


of applications and varying conditions. 


Inexpensive and available for early delivery. 


Can be supplied with plug-in base if required to form 


a readily interchangeable plug-in unit. 


Hermetically sealed, unaffected by dirt or 
We shall be pleased to give full details if you telephone immersion in water and immune to wide or rapid 
(Woolwich 2020, Extension 62!) or write to: changes of temperature or air pressure. 


SIEMENS EDISON SWAN LTD sn AE.. Company 


WOOLWICH LONDON SEI8 
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Are you kicking 
over the traces? 


You cannot afford to waste man hours, to use 
highly trained personnel for tedious routine 
jobs when they could be better employed. 


SINDAK DATA REDUCTION EQUIPMENT 
for the analysis of recorded data in bulk or on 
a small scale saves time, trouble and expense. 


THE K1020 OFFERS THESE FEATURES 

Rapid and convenient handling of film 

or paper charts up to 6 inches in width. 
Comprehensive linear and non-linear 
calibration facilities. Positive and negative 
readings about zero. Zero adjustable over 
full record width. Digital output in actual 
physical units. Visual Display for ‘* quick 
look ’’ purposes. Permanent record by 
typewriter, tape or card punch. 


This system can also be used as a direct 
Digitiser on any Analogue voltage source. 
The K1015 provides a simpler system of 
output in a fixed digital scale of 1,000 units. 


K1020 TRACE READING EQUIPMENT 
Designed for the rapid analysis and 
reduction of Analogue data to Digital form. 


eppandtli 
wee) 


=e 


EQUIPMENT FOR CALCULATION AND ANALYSIS 


SOUTHERN INSTRUMENTS COMPUTER DIVISION - CAMBERLEY : SURREY TELEPHONE: CAMBERLEY 3401 
DIM&P 
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Combined Operations 


The complexity of modern radio-multichannel systems involving 
hundreds of telephone channels has brought about a collabor- 
ation between the two leading specialist organizations in the 
field—Marconi’sin radio, and A.T.E. in carrier transmission. 


This completely unified approach to development, 
systems planning, supply, installation, maintenance 

of equipment and training of personnel co\ers 
radio-multichannel systems in the V.H.F., 

U.H.F. and S.H.F. frequency bands all 

over the world. 


Full information may be obtained from either: or AUTOMATIC TELEPHONE & ELECTRIC 
MARCONI’S WIRELESS TELEGRAPH COMPANY CoO. LTD., STROWGER HOUSE, ARUNDEL 
LIMITED, CHELMSFORD, ESSEX, ENGLAND. STREET, LONDON, W.C.2 
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Group 
Communication 
System... 





... Anew line system linking up to 24 
persons for high-speech-intelligibility 
communication. 


The AMPLIVOX Group Communication System 
offers 6 conclusive advantages. 


COMPLETE LOCATION COVERAGE 

Total line lengths up to { mile — or considerably more if 
certain wiring parameters are observed—and powered by a 
simple battery feed. 

ADAPTABILITY 

Wide range of Amplivox headsets to suit the particular appli- 
cation — including types with noise-cancelling microphones 
and built-in ear-defenders, for high-noise-level locations. 


COMFORT AND RELIABILITY 

The small, transistorised Line Amplifier, associated with each 
headset, clips comfortably to the clothing, and improves overall 
reliability by eliminating the need for a central amplifier. 
MOBILITY 

Each ‘Station’ is self-contained: simply plug-in to any of the 
pre-wired outlet sockets on the location. 

CLARITY 

Overall frequency response tailored for maximum speech 
intelligibility. 


ALL WEATHER 
Weather-proofed to be suitable for indoor or outdoor working. 








and other products 


Stethophones - Microphone Assemblies 
Far-Defenders - Extruded Cordage and Cables 


7.2 a Op Ae p.¢ INDUSTRIAL DIVISION 


| Gs a Oe 8 


Beresford Ave., Wembley, Middlesex 
Telephone: WEMbley 8991 
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NVITTHS 


Magnetic Particle GOUPLING 


which combines:—the resilience of the hydraulic coupling and the positiveness 
of the frictional coupling. It is revolutionary in that driving and driven elements 
are coupled by magnetically-activated particles. It has these advantages:— 


Accurate torque control Perfectly smooth operation 
No mechanical engagement and thus negligible wear No slip rings—excitation coil is stationary 
Accurate torque limiting slip on overload Remote control at any distance 
Acts as brake or coupling in either direction Dynamic and static coefficients of friction equal 


The range comprises eight standard units with torque capacities from } to 200 lb/ft. 


SMITHS Magnetic Particle COUPLING is unique, its potentialities enormous. 
Let us advise you, therefore, how best to use it in your particular field. 


INDUSTRIAL PRODUCTS DEPARTMENT, WITNEY, OXON. 
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SILVERED CERAMIC CONDENSERS 
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FULHAM ELECTRICAL COMPONENTS LTD. 
BEAVOR LANE - HAMMERSMITH - LONDON, W.6. Telephone: RIiVerside 4824 

















SILVERED MICA CONDENSERS 
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LONDON ELECTRICAL MANUFACTURING CO., LTD. 
BEAVOR LANE - HAMMERSMITH - LONDON, W.6. Telephone: RiVerside 4824 
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For Electronics, Radio 
& Telecommunication 
I kg 

a Rs Bucy Pri 
-rctspy Magy Papin 


SHEET Maximum width 24". Minimum thickness 0-006 


STRIP Maximum width 18°. Minimum width 4”. 
Minimum thickness 0-005” 


WIRE Maximum diameter {”. Minimum diameter 0:0025 


Specialities High finish Nickel-Silver Telephone 


Strip and Sheet conforming to BSS 1824, or to your own specifications for 
the manufacture of Spring contacts, Relay blades, etc. 


We also specialise in producing Copper-Nickel Alloys (Cupro Nickel) with 
special resistance properties in the form of Sheet, Strip and Wire 


Established 1845 


JONES & ROOKE (1948)LTD. NORTHWOOD STREET ROLLING MILLS, BIRMINGHAM 3. ‘ 
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rec /fiers 


radio and television 


See them on STAND No. 114 
at the RADIO SHOW 
Earls Court August 27th to September 6th 


Dept EE9. WESTINGHOUSE BRAKE AND SIGNAL CO., LTD. 
82, York Way, Kings Cross, London N.I. TERminus 6432 
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WIDE RANGE CAPACITANCE BRIDGE 








Designed for the accurate measurement of capacitance and 
resistance in the range 0-002pF to |00uF and Ia to 10,000Moa 
respectively. 





All measurements are made in the form of a three terminal 
network and components can be measured in situ. Accuracy 
within + 1%, Frequency 1592 c/s (w=10,000). 

Full technical information on this and other ‘Cintel’ Bridges is 
available on request. 





CINEMA 








A COMPANY WITHIN THE RANK ORGANISATION LIMITED 


WORSLEY BRIDGE ROAD - LONDON -: S.E.26 
HITHER GREEN 4600 


SALES AND SERVICING AGENTS: 

Hawnt & Co. Ltd., 59 Moor St., Birmingham 

Atkins, Robertson & Whiteford Ltd., Industrial Estate, Thornliebank,” Glasgow 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester 16 


ELECTRONIC ENGINEERING oe SEPTEMBER 1958 





EE 1033 for further details 

















* Please ask for our Catalogue 

The BERCO design team 

will help you with any voltage or 
current Control problem. 


which will be despatched 
by return of post. 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. 


in association with 


THE BRITISH POWER TRANSFORMER CO. LTD. 
QUEENSWAY ~- ENFIELD - MIDDLESEX - Telephone: HOWard 24I! 


- ; 
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fit [LONDEX]) SM | hiniature relays 























ei 





Multiple contact relay Enclosed plug-in relay 
type SMF Contacts up Mercury switch relay type Micro-switch relay type SMM LOK 2 models available 
to 3 pole DT Rating 2A SMQ Contacts up to SPDT Snap action contacts SPDT DPDT or 4 pole DT 
250v AC Rating 10OA 250v AC Rating ISA 250v AC Rating 2A 250v AC 


Londex, leaders in the design of relays have produced this range of high quality 
miniature control units to meet the ever growing demand for improved efficiency 
in equipment where space saving is of supreme importance. Their relays are of 
the laminated frame type, with shaded pole construction for silent AC operation 
or in DC systems. 





Leaflet on this range just out. Write for your free copy 


Anerley Works, Anerley Road, London SE20 Tel: Sydenham 3/11 
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A NEW 
INTERMEDIATE 
POWER 
TRANSISTOR 


Bridges the gap between audio and power types 


_ GOLIOP 
Type VI5/20 IP and V30/20 IP 


| Available now for 
' development purposes 


The Newmarket Transistor Company, first to make RF transistors 
in Britain on a commercial scale and first again with power types, 
now introduces a new intermediate power transistor which fills the 
gap between the general purpose audio and 10-Watt power types. 
Perfectly sealed by a cold welding process, this new unit has a 
special clip mounting which eliminates large fixing studs. Maxi- 
mum power dissipation is obtained with the unit on a heat sink 
but a useful output is obtainable with the transistor alone, making 
it ideal for use with printed circuit boards. 


Abridged data 


MAXIMUM RATINGS 

Collector Voltage (Vcb) DC or Peak, 15V (V15), 30V (V30) 

Collector Current (Ic DC or Mean, 2A 

Junction Temperature 75°C 

Collector Power Dissipation—(1) on 9 sq. in. of 16 swg aluminium, 2 Watts. 
Derating 40 mW/°C. rise above 25°C 
2) transistor only in free air, 0.5 Watt 

Thermal Resistance (Junction to mounting surface)—10 C./W 


CHARACTERISTICS 














fe i 
















ACTUAL SIZE 








q 
















Collector cut-off current sou—A (max 
Current gain (Beta —20mA 40 (typical 
—150mA 25 
es —s00mA 16 90 
ao Alpha cut-off frequency —zomA 250 Kes (typical 








Typical applications 

R.F. TRANSMITTERS 

Output powers up to 3 Watts are possible at frequencies up to 500 Kes 

AMPLIFIERS 

Class A or B amplifiers operating at audio or radio frequencies. 

DRIVER AMPLIFIERS 

Newmarket a are ideal for driving Goltop V15 and V30 power transistors in 
SWITCHING CIRCUITS 


Transistor Co Ltd 
The maximum mean current rating of 2 Amps permits the use of large pulse 


Exning Road, Newmarket currents as required in servo control systems. 
OSCILLATORS 
Suffolk Ultra-sonic and low RF power oscillators up to 500 Kes. 
Telephone: Newmarket 338/-4 D.C. CONVERTERS 


Outputs up to 6 watts per transistor. 

STABILISED POWER SUPPLIES 

Can be used for the series elements of supplies delivering up to 2 Amps or 
as drivers in larger units. 







All enquiries to: 
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PERMANENT MAGNETS & ‘SC’ CorRES 


Our experience of permanent 
magnets and magnetic materials 
extends over 30 years, and we take 
pleasure in offering our services to 
users of permanent magnets and 
‘C’ Cores. We should be pleased 
to help you with your design problems 
— may we send you our technical 
literature ? 

Our technical representatives 
will be pleased to call by appoint- 
ment to discuss your particular 


requirements. 


MARRISON & 


* Permanent Magnets in most materials including 
Columax and semi-columnar anisotropic alloys. 


* Magnets for all applications from a fraction of 
an ounce to 250 Ibs. in weight. 


* Grain oriented silicon iron ‘C’ Cores to RCL.193 
are in constant production: small quantities 
delivered from stock: specials and larger quan- 
tities on short delivery. 


* Cruciform and large cores for power trans- 
formers up to 100 Ibs. weight made to customers’ 


requirements. 


* Circular cores for toroidally wound transformers 
are made as required and supplied bonded or ‘dry’. 


CATHERALL LIMITED 


Head Office: FORGE LANE, KILLAMARSH, NR. SHEFFIELD Telephone: Eckington 504/505 


London Office: 109 KINGSWAY, LONDON, W.C.2 


Telephone: Holborn 3074 
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and TRANSMITTER/RECEIVER OUTPUT TEST SET TF 1065 


These two compact, portable units together provide full testing 
facilities for f.m. and a.m. mobile radio telephone sets. The 
range of tests which can be made is extremely comprehensive 
and for receivers includes sensitivity, bandwidth, signal-to-noise 
ratio, image rejection, discriminator symmetry, and a.f. power 
output. For transmitters, p.a. tuning, r.f. power output, and 
deviation can all be checked. If you would like further details 
of these versatile instruments, please write for Leaflets J 138. 


AM & FM SIGNAL GENERATORS - AUDIO & VIDEO OSCILLATORS 
FREQUENCY METERS + VOLTMETERS + POWER METERS 
TORTION METERS . FIELD STRENGTH METERS 
TRANSMISSION MONITORS . DEVIATION METERS 
OPES, SPECTRUM & RESPONSE ANALYSERS 


Q METERS & BRIDGES 


MARCONI! INSTRUMENTS LTD - ST. ALBANS - HERTFORDSHIRE - TELEPHONE ST. ALBANS 56/6! 
London and the South: Marconi House, Strand, London, W.C.2. Tel: COVent Garden 1234. Midlands: Marconi House, 24 The Parade, Leamington Spa. Tel: 1408 


North : 23/25 Station Square, Harrogate. Tel: 67455. 
TC 138 
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Production Control — Service 
DANBRIDGE 


ENMARK 
Research — Education 


Universal Bridge Type UB3 


VALVE VOLTMETERS A  _, ee] 4 A self contained bridge for the measure- 
‘ ment of d-c resistance, capacitance, 
; F inductance and dissipation factor. The 
CAPACITOR TESTERS ie Be Rie. : bridge is complete with standards, 
, “ ae ee 1000 c/s oscillator, d-c supply from the 
’ a . & power pack, amplifier and _ meter. 
CAPACITANCE BRIDGE fe ‘See = Mains operated. 
a - ee 4 Range: R: | milliohm— 3 Megohms. 
C: | pF—300 uF 
L: 1 «zH—300H 


INSULATION TESTER ; 8 : ened ; tr) factor: 0.001 —10 
M ¢ % Js j ‘ 4° 


Accuracy: [% 
Land C: 1° 





Dissipation factor: 15 


CALIBRATING OSCILLATOR . i Dimensions: 45 « 30x 15 cm 


Calibrating Oscillator Type COl 


A transistorised portable oscillator with 
innumerable uses in the laboratory. 
ce oe r Supplies square-wave or  sine-wave 

CONDUCTANCE BRIDGE : 3 q signals at | ke or 10 ke. Accurate 
+ oe amplitude and frequency. Built-in step 

attenuator may be used separately. 

IMPEDANCE COMPARATORS by d Power output for bridge supply etc. 


LIGHT INTEGRATORS 


Frequencies: 1 ke and 10 ke +2°, 
- 


Range: Square-wave | mV to 3 V +2 


R-C-L BRIDGES Sine-wave | mV to 10 V 5°, 
Max. output: 10 V into § kohm 


DECADE INDUCTORS , p 12 kV Non-Destructive 
: Insulation Tester Type JPI 


one aot, ee ~—«sCThis instrument tests insulation by indi- 
; cating the voltage at which ionisation 


| 1 ¢ sets on, thus providing an indication of 

CECADE ATIENUATORS | the maximum safe working voltage 
ee e without destructing the test object. A 

— | high gain amplifier amplifies the ionisa- 

DECADE RESHTORS : erm é ? & tion current to give an audible indication 
' ; ee on a built-in loudspeaker. Operation of 





Ss - *& 4 : . =~ H 7 se > Vy e fo Ww 
R-C-L STANDARDS ; : the instrument is absolutely safe when 
: é correctly installed and used. 
; mae : Test voltage: in two ranges from 400 volts to 
6kV and 400 volts to 12 kV d-c. 
Max. current: 0.5 mA. 





DANBRIDGE LITERATURE AVAILABLE 


Complete Catalogue Technical Bulletin 1958 Shortform Catalogue 
This catalogue contains de- This bulletin is published regula- Contains brief specifications 
tailed up-to-date specifica- rily by Danbridge in order to keep on all instruments manufac- 
tions on the complete range scientists and engineers all over the tured by Danbridge and also 
of Danbridge standard pro- world informed of the latest news gives a comprehensive list of 
duction and is a valuable from Danbridge. If you do not al- important uers of Danbridge 
source of information to all ready receive this interesting bulle- instruments throughout the 
users of electrical and elec- tin, we shall be pleased to include world. 

tronic instruments. your name and address in our 

mailing list. 


a DA N B Ri DG E - 60C Frederikssundsvej - Copenhagen NV - Denmark 


SALES AND SERVICE 


B. & K. LABORATORIES LIMITED 
4 TILNEY STREET, PARK LANE, LONDON, W.! 
Telephone: GROsvenor 4567 Cables: BANKLABS, LONDON 
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AN OUTSTANDING 
OSCILLOSCOPE 


from the E.M.I. Range 






-2 eee, 

















TYPE WM2 
(complete with plug-in pre-amplifier) 






A versatile wideband oscilloscope well suited 






to a variety of applications—such as produc- 
tion testing, single shot photography and 
design and maintenance work on radar, 








television and computers. 







@ Direct time and voltage measurement 
with 2°, accuracy 








@ Differential inputs 






@ Built-in signal delay 
@ Bandwidth DC to 12 Mc/s 


@ Y sensitivity at full bandwidth 
100 mV cm 






AMPLIFIER Trer s 










@ Maximum Y sensitivity 3 mV/cm 






@ Maximum sweep speed 40 cm/S 
@ EHT 6 kV on 5” CRT 







TYPE WM2 


Price £285 


(Plug-in pre-amplifier £75) 
NEW T/V VERSION 


TYPE WM2/TV 


Price £31 0 






















If you would like further information, 
please telephone or write to:— 


E.M.!. ELECTRONICS LTD. 


(INSTRUMENT DIVISION) - HAYES - MIDDLESEX - Telephone SOUthall 2468 Ext. 1071 & 655 


EEI84 
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A MINIATURE 
SEALED JACK 


This jack has been designed for incorporation in pressurised 
and water-tight equipment. Single hole fixing with 
incorporated gasket ring is provided. Auxiliary contacts 
can be provided if required and the jack is suitable for 

use with P.O. type “A” gauge 





plug. 

Schematic diagram showing 

auxiliary contacts. 

OS. 

W) V VF Or 

| 2 

W ! 
\ t ne 

4-03 








ADMIRALTY TYPE 
APPROVED No. 61492A 


IMMEDIATE DELIVERY 


MUNICATION ENGINEERS — 


S NORTHWOOD HILLS MIDDX. 


. LONDON. E.C.4.- Telephone: CENtrat 0791 -§ (PBX) 
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RIMALL eter « Mong dad / 


First in the field 
with complete 
FLYING LEAD 
VALVE 
ASSEMBLIES 


CHASSIS 
MOUNTING 


Brimar are now able to offer a range of flying lead miniature 



























B7G and B9A valves assembled on moulded bases suitable 





for chassis mounting and using the same fixing holes as the 


corresponding valveholders for plug-in valves. Two types 






of assembly are available; unscreened with the valve mounted 






on a base only, or screened with a close fitting blackened 











metal can which provides electrical screening and conductive 





TO SPECIFY 
THE ASSEMBLIES 


cooling of the envelope. Both these assemblies can be 





supplied with the bases moulded in nylon-loaded P.F., or in 





P.T.F.E. The nylon-loaded P.F. base has good electrical 






Replace the ‘‘F’’’ prefix on the flying properties and is suitable for general use up to about 200 Mc/s, 
lead valve code with one of the following and the P.T.F.E. base which is heat and moisture resistant 
prefixes:— with excellent electrical properties, may be used for all 






FF —unscreened on P.T.F.E. base. frequencies, under arduous conditions such as in situations 





XF—unscreened on nylon-loaded P.F. of high humidity. 
SF —screened on P.T.F.E. base. 
SX—screened on nylon-loaded P.F. 






@ Simplified and improved method for mounting 
wire-ended valves. 






Thus an F/6064 in a screened, P.T.F.E. @ Saves time in soldering. 
assembly would be specified as SF6064. 





@ Eliminates contact resistance. 




















@ No intermittent pin contact resistance troubles. 









Standard Telephones and Cables Limited 


Regd. Office 


FOOTSCRAY - SIDCUP - KENT <- FOOtscray 3333 





Connaught House, 63, Aldwych, London, W.C.2 
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PERFECTION IN MINIATURE 


1.D.M. ELECTRONICS LIMITED 


Introduce to British Industry the 

umque ELECTRO TEC PROCESS* for the 
manufacture of PRECISION SLIP RING 
ASSEMBLIES and COMMUTATORS 

—already well established in the U.S.A. and widely 
used by leading manufacturers of precision 
equipment in AIRCRAFT, MISSILE, RADAR, 
FIRE CONTROL, INDUSTRIAL CONTROL 
and many other critical applications. 


Actual Size 


A cylindrical assembly 
with 2 24kt. gold V 
grooved rings. 
Diameter .625". 


Each unit undergoes rigorous electrical and 
mechanical tests; even the smallest assemblies 
are subjected to a 1,000 volt A.C. breakdown 
test. Insulation resistance, between circuits 

is greater than 2,000,000 megohms, and high 
temperature ratings up to 260°C are attainable. 
Many years of experience has resulted in the 
ELECTRO TEC CORP. acquiring a vast fund 
of knowledge of the problems arising from the 
design, and production of slip ring and 
commutator assemblies. All this information 
is available to I.D.M. Electronics. 


Actual Size 


An assembly with 18 hard 

silver rings with Rhodium flash 
and raised barriers. 

Diameter. 110", length .735". 


The assemblies produced by I.D.M. Electronics 

are the product of an exclusive manufacturing technique 

that results in accuracies unattainable by conventional 
fabricating methods. By this process a plastic blank is 
moulded around lead wires. Accurate machining reduces 

this to the proper preliminary shape. Gold or silver is 
deposited into the grooves by electro plating, thus making 

the conducting rings an integral part of the unit. Final 
machining ensures perfect concentricity and true dimensional 
accuracy, thus eliminating errors due to accumulated 
tolerances. The conducting rings are finally polished to a 
“jewel-like” finish; four micro inches or better. The special 
surface finish minimizes friction, torque wear and noise. The 
process is extremely versatile; diameters of rings may vary 
from .035” to 36” either cylindrical or flat. Thickness of 
rings may range from .005” on small assemblies to .100” or 
more large power carrying assemblies. The one piece unitised 
construction results in a saving of weight and space, and 
eliminates expensive tooling charges. 


Actual Size 


A miniature assembly with 


2 24 kt. gold 7 
Diameter .065", length .234". 











Further information may be obtained from:— 


I.D.M. ELECTRONICS LIMITED 


Whitley Kiln, Basingstoke Road, Reading, Berks. 
Telephone : Reading 82557/8 


* Patent No. 748480. I.D.M. Electronics Ltd., Sole Licencees in the United Kingdom. 
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Series Stabilisers 


The M-O Valve Company Limited—the specialists 
in the development and manufacture of valves and 
cathode ray tubes for industry—supplies a wide range 
of valves, suitable for use as series stabilisers. 





Valve Type 








PENTODE 
Special Quality Pentode 
Special Quality Pentode 


with flying leads 


BEAM TETRODE 





TRIODE 





CV4038 RELIABLE TRIODE 





A1l834 DOUBLE TRIODE 280 ; 280 2x 125 
TCV) 





BEAM TETRODE _ 6150" 


BEAM TETRODE _ 7 


GENERAL SHEET 4 


An informative data sheet which 
describes the design and operation of series 


Details of the wide range of the 

Company’s products, including valves and CRTS, 
are given in a new catalogue which will valve stabiliser circuits. 

gladly be sent on request. Write now for your copy. 


M-0 VALVE COMPANY LIMITED, Brook Green, Hammersmith, London, W.6 


MAKERS OF G.E.C. HIGH GRADE RADIO VALVES AND CATHODE RAY TUBES 
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PRECISION 
Silvered 
Mica 
Capacitors 
































Scrupulous care in the selection of mica, special 
silvering techniques that ensure accurately-placed 
electrodes with sharply-defined edges, individual 
assembly and capacitance adjustment and 100°, 
inspection and electrical testing—all these combine 
to make the JMC range of precision silvered mica 
capacitors second to none for their outstanding 
electrical performance and exceptional long-term 
stability. 


That is why JMC Capacitors are specified for so 
many applications where only the best is good 


® Careful selection of mica ensures high insulation resistance and low 
power factor. 


® Accurate and sharply defined silvered areas keep scintillation to a 
negligible level. 


@ Fired construction and complete absence of internal connecting foils 
keep the overall dimensions of the capacitors to a minimum and ensure 
exceptional long-term stability. 


®@ Individual adjustment enables any value in the range § puF to 0.25 uF 
to be supplied. 


@ Wide range of finishes and sizes covers practically all the needs of 
the designer. 





Johnson <> Matthey 


JOHNSON, MATTHEY & CO., LIMITED, 7383 HATTON GARDEN, LONDON, E.C.!. Tel: Holborn 6989 


Vittoria Street, Birmingham, |. Telephone: Central 8004. 75-79 Eyre Street, Sheffield, |. Telephone: 2921/2 
E82 
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A COMPREHENSIVE RANGE OF REGULATED 


WITH THE FOLLOWING FEATURES - - 


to at least — 15%. 


one Is used. 


OMISSION OF CHOKE—resulting in ability to operate down 


to zero current with complete stability—freedom from transient 
voltage surges due to shock loading—miniaturised units. 


CONSERVATIVE RATING—all units are guaranteed to main- 


tain stability for + 10% mains variation. The majority will operate 


LONG LIFE—Iinter Services approved paper condensers used 
throughout. Adequate derating of series valves where more than 


FREEDOM FROM DRIFT—exciusive use of double triode 


difference amplifiers in feedback circuit ensures long term stability. 


IMPEDANCE CONTROL—a preset potentiometer allows for 
smooth adjustment of impedance from positive to negative values. 
Can be used to offset the impedance of a series milliammeter. 
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OPEN CHASSIS SUPPLIES 



























































































































MODEL wae tranny A.C. OUTPUTS eee eAce | RIPPLE SIZE Basccl 
M23. | +150V | 0-50mA |63V2A&63VIA] <O-1Q | <0-02% | <ImV |6’x5}"x5}’ht. | £30-0-0 
M23A | +200V | 0-50mA |63V2A&63VIA] <0-10 | <002% | <ImVv |6"x5y’x5}'ht. | £30-0-0 
M33. | 4250V | 0-5S0mA |63V2A&63VIA] <O-1Q | <0-02% | <ImV |6"x53"x53’ht. | £27-10-0 
M24 | i150V | 0-100mA |2x63V3ACT.| <O012 | <0.02% | <Imv |79"x6}"x6}"ht. | £33-10-0 
M24A | +200V | 0-100mA |2x63V3ACT.| <0-12 | <0-02% | <ImvV |79"x6}"x6}"ht. | £33-10-0 
M34 | +250V | 0-100mA | 2x6-3V 3A <—oina | <002% | <imv |79"x6}"x6}"ht. | £33-10-0 
M34A | +300V | 0-100mA |2x63V 3A =o1n | <002% | <Imv |797x63"x6}"he. | £33-10-0 
M25 | +150V | 0-200mA |2x63V3ACT.| <010 | <0.02% | <ImvV |83’x8}"x5}’ht. | £52-10-0 
M25A | +200V | 0-200mA |2x63V3AC.T.| <O0-102 | <0-02% | <ImV |8}"x8}"x5}"ht. | £52-10-0 
M35 | +250V | 0-200mA | 2x63V 3A =oin | <002% | <Imv |83"x8}"x53rhe. | £52-10-0 
M35A | +300V | 0-200mA |2x63V 3A <ola | <002% | <Imv |837x8}"x53rhe. | £52-10-0 
M36s | +250V | 0-500mA |2x63V 5A =o1n | <0-02% | <Imv |14"x11}"x84"he.| £88-0-0 
M36SA | +300V | 0-500mA |2x63V 5A =o1n | <002% | <imv |14"~114"x84"he.| £88-0-0 
M38 | +250V | 0-350mA |2x63V 5A <—o1a | <002%, | <Imv | 134’x8}"x6}"ht. | £66-0-0 
M38A | +300V | 0-350mA |2x63V 5A ola | <002% | <Imv | 134"x83"x67"ht.| £66-0-0 

















ALSO 


AND 
A RANGE OF TRANSISTOR STABILISED SUPPLIES 


for transistor applications. 





TYPES M36/36A +250/300V at 05A 
M37/37A +250/300V at 1.0A 
With 19° panels for rack mounting. 








33 Mountgrove Road, Highbury, N.5. 


made and guaranteed by: 


ROBAND 


ELECTRONICS LIMITED 












Telephone: CANonbury 458! 
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Puttin 
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eeeeeeeee ee 


Putting two and two together and making five! At least, that’s how it appears when you 
consider the saving in time and cost by changing over to tapping screws. 
Without doubt, the tapping screw does display a number of very definite advantages over the 
conventional machine screw. It obviates the use of nuts. With its self-locating point, 
it forms its own thread and eliminates a separate and expensive tapping operation. 
It makes for easier assembly, is stronger, cheaper and faster. And when used in conjunction 
with the Phillips recessed head, designed for power driving without damage to either 
work or worker, it is obviously safer. Putting two and two 
together, the tapping screw simply ensures a better job. 
Why not change over to tapping screws and prove it for yourself? 


tapping screws for economy and safety 


LINREAD LTD. COX ST. BIRMINGHAM 3 


SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS ° HIGH TENSILE HEXAGON HEAD BOLTS AND SETSCREWS 
AIRCRAFT BOLTS, SCREWS AND RIVETS . SEMS e RIVNUTS e CUSTOM DESIGNED COLD FORGED FASTENERS @ ALEX SCREWPLUGS. 
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DESIGNED FOR SOUND REPETITION 





—with BAKELITE Copper-Clad Laminated 


TRADE MARK 


More and more radio manufacturers have turnedto High quality printed circuits on BAKELITE Copper- 
printed circuits on BAKELITE Copper-clad Laminated clad Laminated Materials are fast finding new 
to achieve complete uniformity of quality in the applications in the radio and electronics industries. 
mass production of the most simple or complex elec- They allow greater freedom and precision to the 
tronic circuits. In turning out a modern receiver designer, and give the customer a lighter, more 
like this 5-valve G.E.C. transportable, weight and compact and reliable instrument. 

bulk are saved, and greater output is achieved at Write today for a copy of “Copper-Clad 
lower cost through using a printed circuit. BAKELITE Laminated for Printed Circuits”. 





= aa se ee 
i . SB ewee & ea i) P eee 
i> A K E i. i E Cine ree 2 Bakelite Limited manufacture an extensive range 


of plastics materials and maintain a technical 

B service unequalled in the industry. No matter 
CoO what your plastics problems, this service is at your 
disposal. SLOane 0898 is the telephone number. 


REGO. 


12-18 GROSVENOR GARDENS - LONDON SWI - SLOane 0898 











TGA wit 
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VYARLEY 


DO ALMOST ANYTHING 


...and the odds are we are helping 

you to do it. We are specialists in 

design for mass production. We 

also design and mass produce to 

special requirements. 

Some of our successes in this field: 

Relays and Coils for the Aircraft 

Industry. 

Motors for Hair Dryers. 

Coils, Solenoids and Harnesses for ‘ 
the Automobile Industry. ...drive 
Motors and Solenoids for Washing 

Machines. 

Mechanisms for Electric Razors. 

Coils, Solenoids, Relays and 

Transformers for Computing 

Automation and other Industries. 

Whether we help you design (which 

we prefer) or produce components 

of your own to rigorous schedules; 

we believe that we can save you 

money and serve you better... See a 

Over five decades of experience is at i - + + compute 
your call... Can we use it for YOU. 


Problem: 
Develop a special 14 watt shaded 
pole motor of 2,400 r.p.m. to run 
quietly and continuously in high 
ambient temperatures with a 
special starting torque. 

Solution: 

Motor developed by Oliver Pell 
Control in “Hes “Sey one month. ... shave 
Order Placed. 4months from order, 
production of 500 motors a week 
started. We can do this for YOU 


Do almost any lhing-- 


OLIVER PELL CONTRO! LIMITED 


CAMBRIDGE ROW, WOOLWICH S.E.18, ENGLAND. CABLES: VARLYMAG, WOOLWICH. TELEPHONE: WOOLWICH 1422 


or.sc 
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Mastery of the air implies mastery in 
every department of aeronautics. And 
to-day aeronautics implies electronics. 
In every department of electronics G.E.C 
are masters : in radar, guidance, remote 
control, communications, automatic 
testing, miniaturised components and 
other aircraft equipment. All this 
equipment G.E.C. manufacture 
successfully for the 


aircraft industry. 


STAND No. 
273 


5.B.A.6. 
Show 
Farnborough 


Sond 
Pd 


a 
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Automation 
AND 


HYDRAULICS 
FLEXIBILITY 


Over a period of more than a quarter of a century 
Lockheed, specializing in hydraulics in various 
branches of industry, have evolved a range of units 
and have acquired a mass of experience which 
enables them to meet practically every require- 
ment in automation. 


Lockheed equipment has been successfully applied 
to a wide variety of industrial applications and is 
capable of adaptation to meet many differing 
conditions. Action may be initiated by hand, or by 
any other form of signal, after which any desired 
cycle of operations may be carried out at any 
number of stations, and if necessary with inter- 
locking controls ensuring that one operation does 
not begin until a previous one has finished. 


Timing and sequence controls may be controlled by 
synchronous motors or by electronic means, and 
with the outstanding advantage that the electrical 
apparatus may be situated where it is free from the 
harmful influences of high temperature, corrosive 
atmospheres, dirt, etc. 


The hydraulic units are all self-lubricating and, 
having their working surfaces finished to high- 
precision standards and of wear-resistant materials, 
are used in a great variety of applications and 
have an extremely long working life. 





The illustration shows the inside of a 
Lockheed controller for a carburizing 
plant at Vauxhall Moters. 

This controls an ingenious type of 
conveyor, with six slave cylinders 
taking work pieces from the furnace 
to the quench tank, from which it 
subsequently removes them. The 
whole of the sequences are controlled 
by a Lockheed master unit and are put 
into action by a push-button control. 
For further details please write for 


pamphlets, and kindly mention this 
journal. 


AUTOMOTIVE PRODUCTS COMPANY LIMITED 


Shaw Road, Speke, Liverpool Telephone: Hunts Cross 2121 


Lockheed 


REGO TRADE MARK 


UMDUS WRU ENIDEVAUILICS 


COMPLETE INSTALLATIONS Ga 


OR INDIVIDUAL UNITS 
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ACC URACY—That is the connection. William Tell had 
to be right, or face the consequences. He had his bow, 
judgement, experience and supreme confidence in his own 
ability. To-day the Delanco Organisation uses its own 
experience, skill and confidence, backed by the most 
up-to-date machinery and skilled operatives, for the 
manufacture of precision stampings in MICA. Possibly 
one of the supreme tests of this skill is in the manufacture 
of bridges for miniature valves, where dimensional 
accuracy to tolerances of 0.01 mm. are required. All tools 
for these parts are manufactured in our own modern 
tool-rooms and made by operators with years of 
experience in this type of precision work. 





Not only in mica does this apply, but in all forms of electrical insulating materials, 
either as raw materials or as precision-machined components. 


Whether your business is in Switchgear, Transformers, Motors and Generators, 
Communication and Electronics, there is a Delanco material to suit your needs. 
We have an efficient technical department ready at all times to deal with your 
problems. Send for the latest Delanco catalogue of all electrical insulating materials. 


Anglo-American Vulcanized Fibre Co. Ltd 


CAYTON WORKS BATH STREET LONDON E.C.1. CLE 3271 Grams: PROMPSERV’ AVE, LONDON 
DELANCO WORKS—LEONARD STREET—LONDON €E.C.2 


VULCANIZED FIBRE LAMINATED BAKELITE Vilameco LEATHEROID - MICA COMPOSITE INSULATIONS 


PRESSBOARD - PRESSPAHN - CLOTHS, TAPES AND SLEEVINGS [a@IAMQNTEIMIISIIFMIEE EBONITE © PRESSED, TURNED AND MACHINED COMPONENTS 
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RCA Victor is proud to be associated with the Avro Arrow 
through its activities on the engineering of the integrated 
electronic system to be used in this supersonic plane. 


The search for the engineering talent so necessary for work 


of this nature will never end. Perhaps you—or someone you 


e 
defe ! } ce ele ctro | ) 1C know — is an engineer who would be interested in working 


with RCA Victor and meeting its challenges in this stimu- 
lating field. If so, simply contact Dr. J. J. Brown, RCA 


- ) ste ! } iS at, work Victor Company, Ltd., 1001 Lenoir Street, Montreal, 


Quebec. 


e 


=) RCA VICTOR COMPANY, LTD. 


MONTREAL, CANADA 
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The new type BTH Germanium Point Contact Rectifiers — 


Only } in. long, yet their miniature size is 
combined with high performance and 
complete dependability ! 


following outstanding characteristics : 


They offer the 


e@ HIGH TEMPERATURE STABILITY 
e@ ABILITY TO WITHSTAND TROPICAL CONDITIONS 


e SMALLER DIMENSIONS oe VERY LONG LIFE 


RATINGS : CONTINUOUS OPERATION AT 25°C. (77°F.) 





PEAK INVERSE 
VOLTAGE? 
Vv 


MAX. INPUT 
CURRENT 
mA 


MAX. RESISTANCE | 
at + | vole 
ohms 





CV 448* 
CG4!-H 
CG42-H 
CG44-H 
CG50-H 


80 
65 
100 
80 
100 





30 
30 
30 
30 
30 





333 
250 
500 
333 
500 





MIN. RESISTANCE 
at 50 volts 
kilohms 


a 


500 
50 
1,000 
500 
200 








*Type CV 448 has been granted ‘ type approval" 


tCorresponds to |-2 mA inverse current 








BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO-LTD:-LINCOLN: ENGLAND 


an A.E.1. Company 
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Welding BOOTH light metals 
in the Atomic ag 


¥ 
Ne 














Photograph by courtesy of U.K.A.E.A. 


THE ZETA TORUS a 


The ring-shaped torus of Zeta, in which temperatures of up to 
5 million degrees centigrade have been produced at Harwell, 
was welded in 99.5 purity, 1l-in. thick aluminium plate produced 
and supplied by James Booth & Co. Ltd. Welding was carried 
out by manual inert-gas-shielded arc process with a consumable 
electrode and automatic arc regulation, at the Works of 
Metropolitan-Vickers. James Booth aluminium has also been 
used for the welded torus liner, supports, and branch pipelines 
of Zeta and for its smaller prototype. Circumferential Argonaut 


welds on the torus are clearly seen. 


IN TRANSISTOR MANUFACTURE 


. A remarkably low leak rate of under 
DIVERS’ RECOMPRESSION CHAMBERS hen ona ionthaiatigte hey eed 
This all-welded recompression chamber, fabri- achieved in this high-vacuum furnace 
cated in Booth‘ MGS’ alloy, is one of a number 
constructed for the Admiralty by Saunders- | 
Roe (Anglesey) Ltd. Perfect welds are vital in 
these high-pressure vessels in which divers are 
placed to gradually accustom them to surface 
pressures. 


chamber used in the first stage of 
transistor manufacture. It has been 
welded by James Booth from 1-in. 
thick ‘MGS’ plate, for Services Elec- 
tronics Research Laboratories, using 
Argon-arc process. 


These are just three recent important 
engineering applications in which the welding 
of James Booth light metals have provided the 

answer to special problems. In addition to 0 | [ 
producing and supplying high-purity aluminium 
and aluminium alloys, James Booth have 


unique knowledge and practical experience in 
uelding and fabricating these materials. 


EXTRUSIONS, LARGE FORGINGS, PLATE, SHEET, STRIP, JAMES BOOTH & COMPANY LIMITED 


} AND WIRE IN BRASS AND COPPFR, AS WELL AS ie 
ro LIGHT ALLOYS. ARGYLE STREET WORKS + BIRMINGHAM 7 


A member of the Decta group. 





TGA 18G 130 
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? SWitch jp “ime 


20A at up to 460VA.C. 

.a Honeywell Type ‘A’ 
High Capacity Switch forms an 
ideal switching unit in 
the Gunfire Time Switch 
manufactured by The Automati« 
Light Controlling Company Ltd. 
Type ‘A’ switches are designed 
for really rugged duty— 
including the direct 
switching of solenoids, 
motors and tungsten lamps 


Honeywell Micro Switches 


Throughout industry, machine tools and 
auxiliary equipment are proving the 

top precision of Honeywell switches 

... precision plus unique mechanical and 
electrical versatility ... plus heavy duty 
construction. Honeywell’s wide range 

offers users all the advantages of micro switches 


oR: designed and manufactured to meet 
Most limit, control, and safety 
applications are well within 
the scope of Honeywell Type ‘Z’ 
General Purpose Switches. 
The ‘Sykomatic Gear Cutter’, WRITE OR SEND COUPON TODAY to: 
manufactured by W. E. Sykes Ltd, Honeywell Controls Ltd, Ruislip Road East, Greenford, Middlesex 

. : Waxlow 2333 


the most exacting requirements. 


is among many machine tools 
now equipped with these switches. 
They are electrically rated for 

15A at up to 460V A.C. 


| 
| 
| 
l 
ad 


Please send items ticked 
Catalogue 62A—General Purpose Switches 
Catalogue 74—V3 Switches 

Catalogue 75—Sub Miniature Switches 
Catalogue 83—Industrial Enclosed Switches 
Aircraft Switch Data Sheets 


Name 


Appointment 


Honeywell 
'H Fouts ian Mire Qwitthe 


Address 
EE 


Expert engineering service available from offices in the principal cities 
of the United Kingdom and throughout the world 


ee A cae ae 
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It’s a bit of a mouthful but you need only say it once 
preceded by the name ‘Cressall’. Whether you require the 


vitreous enamelled Cressall ““Torostat” (illustrated below) 


of extremely robust ceramic unit construction or the 


well known open-wound type of rheostat or potentiometer, 


you will find none better than Cressall. 





1958 


K 


B 


4PPROVED 


Forty years’ experience in design and 
manufacture ensure that each Cressall product 


has extra quality inbuilt. 


Write for Catalogue Section D, List 63. 


THE CRESSALL MANUFACTURING COMPANY LIMITED 
(A subsidiary of The Expanded Metal Co. Ltd.) 


ECLIPSE WORKS - TOWER STREET BIRMINGHAM 19 - TEL: ASTON CROSS 2666 
LONDON OFFICE: BURWOOD HOUSE . CAXTON STREET 8.W.1 TEL: ABBEY 7766 
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lai 


A Mains Voltage Fluctuation problem 


ELECTRONIC 


at the Coal Face 


The gate-end is the nerve centre for the 
control of equipment at the coal face. 
There stands the gate-end box in 

which is the vital contactor. This 
contactor must “ pull-in ” irrespective 
of the low supply voltages that result 


from poor regulation. 


How cax reliable operation be assured 


with these inherent voltage fluctuations ? 


An armoured conveyor and transfer point (Photo- 
graph reproduced by permission of Richard Sutcliffe 
Limited) and inset, a Baldwin & Francis Ltd. Gate 
End Box through which power to the conveyors ts fed. 


ssi iieitaiseia out by Advance 


ENGINEERING 


In the Baldwin & Francis Limited Gate End Box which is to the N.C.B. 
Specification P/3/1950, incorporating the Intrinsically Safe Remote Control 
Circuit, N.C.B. Specification P/130/1955, a d.c. operated contactor is used, 
the supply to which is via an ‘ Advance’ Constant Voltage Transformer. 

As a result adequate stabilised voltage is always available ensuring consistent 
performance over a large range of voltage fluctuation — an important 
characteristic which ‘ Advance’ C.V.T.s ensured — and have ensured 

for many years past. 


* Advance’ Constant Voltage Transformers provide a.c. voltage 
stabilisation of 1°% for input variations of up to + 15% at 
maximum load. For power requirements from 4 to 6,000 watts, 
they are automatic and contain no moving parts. 


Cc 


Technical Details available in Leaflet M54 Vv 


T 


CONSTANT VOLTAGE TRANSFORMERS 





ADVANCE COMPONENTS LIMITED 
ROEBUCK ROAD + HAINAULT «+ ILFORD «+ ESSEX + Telephone: HAlInault 4444 


SEPTEMBER 1958 
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VALVE DATA BOOKS 


English Electric Valve Co., Ltd., announce a new service for all valve users. These new 
Data Books give full information on all E.E.V. products in two handsomely bound 
volumes. Each book opens flat to ensure easy access to characteristic curves without 
complete release of pages, whilst a simple lever 

gives full opening for the ready insertion of 

new pages. Each subscriber will receive 

a regular service of new data sheets. 


Subscription rates : 


Set of two volumes and one year’s free service 3 gns 
Subsequent service 10/6 p.a. , 
” | 
Ja * 
ss 5! \ 


owe® 


To obtain 

your copy, 
please cut out 
the coupon 
and send to:— 





Chelmsford, England 
Telephone: Chelmsford 3491 





Please send me copies of the English Electric Valve Data Books. I enclose a cheque for £ 
(3 gns. per copy) and agree to a maintenance charge of 10/6 per copy per annum, after the first year. 


(Block Capitals please) 
Name... Company 


Address 


Signature 
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TiN .4 Now offer 4 
types of D.C. power supply 


in which the output voltage is stabilised by feed back 


these comprise... 


Servo Controlled D.C. 59 | D.C. 60 
Voltage 10-120V!20-240V 


For example D.C. 56 to D.C. 60 Current o-10A | 0-5A 


Units of 1,200 watts output with servo Ripple at 
control and a response time of about full load <0.1% | <0.1% 
5 cycles of the mains supply. Stability |+ t t 400m V|+ 800mV 
Response 

time roomS | 1roomS 


Purely electronic, using , 

a high frequency i — 
carrier wave Ripple at 
For example D.C. 38 full load 

















Low tension supplies using hard valves Stability 
throughout and having a response time Response 
of about 1 millisec (a few cycles of super- ume 
sonic carrier wave); the stability of this 

type is about 100 times better than the last, 

and can approach one part in 10° 

under laboratory conditions. 


Using Transistors and —. Caz 

Zener Diodes Pe ce 
He. urrent 

For example D.C. 65 : EE jm Ripple at 

Low tension supplies using semi conductor . full load 








techniques throughout. The response time Stability 
is 50 to 100 microseconds determined . ¥ Response 
mainly by the inherent delay of germanium — ' time 
transistors. The stability, particularly against § . 

changes of temperature is not so good as the 

D.C. 38 but is more than adequate for 

many purposes. 


Type “ Conventional ”’ ee = D.C. o 
e ° P F 2 oltage | 250-350 
High Tension Units bonne rca 
For example D.C. 68 oe Ripple at 
These are conve ; ; full load | <o.001% 
hese are conventional H.T. units of little ; | Stability pcrcenat + 








technical interest. They are offered to our ; ; ‘ 
customers when they are already in t Response 
production as constituent parts of our own 
control systems. 





time tous 


SERVOMEX CONTROLS LIMITED, CROWBOROUGH HILL, JARVIS BROOK, SUSSEX. CROWBOROUGH 1247 
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oh Temperatures 


This fresh development in 


A DIFFERENTIAL 
PRESSURE INDUCTANCE 
TRANSDUCER 
GIVING.... 


instrumentation enables the 
continuous measurement of static 
and dynamic fluid pressures to be 


taken at 200° C. with intermittent 
LOW TEMPERATURE 


DRIFT 
ALL-ROUND ACCURACY 
HIGH OUTPUT 


operation to 250 C. Available 


for differential pressure ranges from 


SREREEE SF 


O—5§ p.S.i. t0 O—2000 P.S.1. 


New Electronic Products Ltd 


Makers of medical and industrial instruments 


Head Office and Works: 360 Kennington Road London SE11 Telephone: RELiance 5161 


If you would like further information, please telephone or write to us 
at the above address.... 
we'll be pleased to hear from you. 
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YOU'RE 
SAFE 
WITH 


SUFLEX | 


You can safely rely on Suflex Lacing Cord to make neat, lasting cable forms 
with the greatest possible speed and economy in production. The Nylon cord 
gives high tensile strength, yet sufficient elasticity for easy shaping, and the 
P.V.C. Sheath prevents the cord from cutting into the cables. 


Your wiring stands or falls by the lacing cord; you won’t put a foot wrong if 
you use this cord from Suflex. 


Meets S.R.D.E. Specification PS 878 and DEF 5020 


PRICES SUBSTANTIALLY REDUCED 
Please send for revised price list 


SUFLEX} LACING CORD 





f 
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When the job requires a 


really small servo motor... 


SMITHS SIZE 07 SERVO MOTOR 

This is one of the smallest servo motors in the world measuring only 
1.6 in. overall length by 0.625 in. diameter and weighing only 1} oz. 
Developed under R.A.E. Spec. EL. 1872, it has the standard pinion 
used in size 10 & 11 motors. Exceptional performance is combined 
with robust construction. With stainless steel case, corrosion-resistant 
laminations, a fully encapsulated body and oil reservoir for bearings, 


it can withstand the severest conditions of missile service. 


TWO TYPES AVAILABLE 

Two 400 c.p.s. versions of the Size 07 servo 
motor are at present available. The first, (Code 
071 SCM/1), requires a 26v. supply to each 
phase, or a similar single phase supply with a 
1.5 mf tuning capacitor. The second, (Code 072 
SCM/1), has a reference winding of 26v. and 
a control winding of 20v. centre-tapped. This 
type may be used in conjunction with a pair of 
germanium transistors, without the need for an 


output transformer. 














TYPICAL PERFORMANCE DATA 


The Smiths Size 07 4-pole induction motor. Code 071 SCM/1 
PART OF A WIDER RANGE 





The Size 07 is only one of a range of Voltage 261 D.C. resistance 70 ohms 
rugged, simple and compact synchros Supply phase 2 * Starting voltage 26% 

{ . d d by S$ hs fi Supply frequenc) 400 c.p.s. * No load speed 9,000 r.p.m. 
and motors produce y smiths for Stall current 135 mA * Stall torque & em.cm. 
control systems, instrument repeaters Stall input 2.5w Moment of inertia 0.18 gmcm? 
and servo system applications A Stall power factor 0.7 Theoretical Stall 43,700 rad/sec* 
ae 5 ~~ acceleration 

catalogue giving further details and 
. : : %* These are limit figures and performance will normally be superior. Other figures 
full performance data of this versatile are average. Full performance data of the code 072 SCM/I1 induction motor are 


400 c.p.s. range will gladly be sent on available on request. 
receipt of your company’s letterhead. 











Small Motors and Synchros 


CTT IIS, oven smn 


SALES AND SERVICE - CRICKLEWOOD - LONDON NW2 - GLADSTONE 3333 


TGA SMS8 
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kill bitian. and Tobaingnagion 


Gulliver would have been quite at home on our Stand at the Electrical 
Engineers Exhibition surrounded by pygmies and giants of the insulator 
world. 


The photograph re-produced above illustrates the vast range of 
porcelain insulators manufactured by Taylor Tunnicliff & Co. Ltd.; the 
smallest shown measures }” x. }” dia. and the largest 12 ft. x 2 ft. dia. 
From the smallest to the largest they are all backed by the skill and 


knowledge of ninety years manufacturing experience. 


TAYLOR TUNNICLIFF & CO. LTD. 


HEAD OFFICE: EASTWOOD + HANLEY * STOKE-ON-TRENT + TEL: STOKE-ON-TRENT 25272-5 
LONDON OFFICE: 125 HIGH HOLBORN * LONDON * W.C.I. * TEL: HOLBORN !951-2 
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Listen in Micro-Volts 


— to the Quietest Switch you ever heard 


LATEST DEVELOPMENT shown actual size with two 
elements rotating at motor shaft speed and two at a sub- 
multiple of shaft speed. In addition to its small size, its 
outstanding characteristics are—LOW NOISE LEVEL 
(100 micro-volts, rms) and HIGH SWITCHING 
SPEED (up to 12,000 r.p.m.). As a direct replacement 

for bulky electronic switch equipment, it solves 

problems associated with airborne telemetry, 

low level signal sampling, computing ampli- 


fiers, signal chopping, etc. 


High Speed 
Rotary Switeh 


a 
- 
aed 


A wide variety of circuit configurations and 
ratios between high and low speed switches 


are available. 


A complete series of precision servo 
Components are offered including AC and 
DC servo motors, motor generators, 
precision gearheads and breadboard com- 


Actual ot f ponents. 
Size , 


Vactric (Control Equipment) Limited 


Vactric House, Sloane Street, London, S.W.1 Telephone: Sloane 9656 


SEPTEMBER 1958 ELECTRONIC ENGINEERING 





EE 1068 for further details 





Model LTE-4.5/14-0.5 


SLT, 


GROUP 











REGULATED D.C. 
POWER SUPPLY 


A oe 2 ee Oe, ee 


Model LTE-4.5/14-0.5 Models LTE-12-5-0.75 & -1.5 


Input voltage 205-250-volts, 50/60 c/s. (I 15v. 
model available) 


Input voltage 190-260 volts, 50-60 c/s. (I 15v. 
model available) 


Output voltage 4.5-14 volts (Variable). Output voltage 12.5 volts. 


Output current 500 mA. Output currents 0.75, 1.5 amps. 

Voltage regulation accuracy 0.1% 

Output impedance < 0.1 ohm (0.75A model) 
< 0.05 ohm (1.5A model) 

Ripple and noise 10 mV. p-p. 

Ambient working 25°C. Ambient working 25°C. 

Overall cabinet dimensions 103” x 7)” x 8}” deep. Dimensions 8” x 3)” x 3}” deep 


Weight 7} Ib. Weight 4} |b. 


Voltage regulation accuracy 0.15%. 
Output impedance < 0.1 ohm. 
Ripple and noise 5 mV. p-p. 


JLT Transistor Regulated D.C. Power Supply Units are meeting the 
need for controlled low voltage supplies in laboratories, production 
line testing and quality control. A special unit is available for use 
with transistorised public address equipment permitting connection 
to the norma! mains supply; it will also charge the accumulator. 


Write for Leaflet LS6 for full details of the models available. 


J. LANGHAM THOMPSON LTD. 


BUSHEY HEATH - HERTS - ENGLAND Telephone: BUShey Heath 2411 (4 lines) 


Grams & Cables: **Tommy Watford” 
AD/S13 
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*““BELLING-LEE ” 


SUB-MINIATURE 
COAXIAL PLUGS @& SOCKETS 


-L.1403/FP. FREE PLUG. The cable to The world of electronics is shrinking: miniaturisation is becoming 
this plug enters along the axis of the plug. 

The rubber cover protects the cable clamp the governing factor in many applications, enabling lighter and more 
from damage and gives the plug a stream- : 


lined appearance. compact equipment to do the work of standard installations. 


L.1403/RFP. RIGHT-ANGLE ENTRY ‘ a — , 
FREE PLUG. This plug has the cable entry *Belling-Lee” sub-miniature coaxial plugs and sockets are an example 


at right-angles to the axis of the plug, , ‘ ed os fee ‘ 

enabling the cables to be “‘dressed-down” of our interest in miniaturisation, and indicative of the new developments 
against a panel without the danger of sharp 

bends causing cable failure. in components which we shall be announcing from time to time. 


L.1463/BS. BULKHEAD ADAPTOR. 
This socket-to-socket panel mounting adap- 
tor provides for the passage of a coaxial ied a ; 
cable through a panel, insucha way thatthe and components, and three variations of miniature Unitor plugs and 
cable can be disconnected on either side. 


We have also recently produced a range of printed circuit connectors 


sockets. Full details of these are given in the Supplement to our General 


< L.1403/CS. CHASSIS MOUNTING Catalogue (P.490), copies of which are available on request. 


SOCKET. This socket is designed for use 


where the feeder enters equipment, and is 
GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 


not required to continue as a coaxial cable, 
as the components associated with it are in 
close proximity to the socket. 





Telephone: Enfield 3322 ~- Telegrams: Radiobel, Enfield 
TERMINALS e PLUGS & SOCKETS e THERMAL DEVICES 
FUSES e INTERFERENCE FILTERS e RECEIVING AERIALS 
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In 1947-8 BEA carried some 2,610 tons of 
merchandise in Europe. In 1957-8 the 
figure was 24,555 tons, an average increase 
of 25% each year—3°% above world 
average. 

This increase is due in part to the expansion 
of the network, and the corresponding 
increase in total freight capacity. But 
mostly it is an expression of the quickening 
tempo of commercial life today. Business 
transactions are conducted faster than was 
usual even ten years ago. Results are 
expected sooner. There is a widespread 
tendency to operate on a narrower margin 
of credit. As a consequence, speed and 
efficiency in the shipment of goods from 
manufacturer to consumer is becoming 
recognised as an important factor in 
successful selling. A research team at 
Cornell University has given five basic 
reasons why shippers use long-haul air 
freight services. They are: 

Emergency shipments 

High value shipments 

Convenience 

Air freighting the only means 
Savings in costs 


VUawne 


Over the short and medium hauls covered 
by the BEA net-work, the same reasons 
apply, but the order of precedence would 
change as follows: 


Savings in costs 

Convenience 

High value shipments 
Emergency shipments 

Air freighting the only means 


Aawnv= 
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The case for air freighting 


by Geoffrey Pett, M.1.Ex., M.Inst.T., Cargo Sales Manager, BEA 


A Continent-wide delivery service. 


The picture that emerges from a study of 


cargoes carried by BEA shows that air 
freighting is beginning to be regarded in 
much the same light as was road transport 
twenty-five or thirty years ago—a kind 
of super fast delivery service for Europe. 
The two factors of speed and easy accessibi- 
lity to the Continent have stimulated fresh 
thinking about the merits of c.i.f. price 
quotations as against the traditional f.o.b. 
system. Experience has shown that though 
c.i.f. quotations are naturally higher, they 
are also more realistic, when viewed in 
relations to the marketing and distribution 
patterns which the air net-works have 
drawn across Europe. They have two 
distinct advantages: first they relieve the 
purchaser of the responsibility of getting 
his purchases home. And second, they 
allow the manufacturer to choose the 
method of shipment most suited to the 
product, the place to which it is going, 
and the general economic conditions 
obtaining at any particular time. 


As far as European trade goes, “savings 


in costs’’ is unquestionably the most 
important of these reasons so it would 
be as well to look at this one more 
closely. 


Savings in costs 

1 Certain products, especially those whose 
value is high in relation to their weight, 
are unquestionably better sent by air 
Such products have often been put into 
light open crates, or mounted on pallets 





Compiled by British European Airways 


with no more protection than a light dust 
cover with padding for projecting or fragile 
parts. Savings of this kind are particularly 
high for makers of electrical, electronic and 
mechanical equipment for both industrial 
and domestic use 


2 The various charges to which all freight 
is subject—insurance premiums, tranship- 
ment, dock and loading dues, and so on 
are also much reduced or completely 
eliminated by air freighting. 


3 Savings from regular use of air freighting 
go far beyond direct cash savings of 
individual consignments. The President of 
an American air freighting business has 
said, “Alert business executives have 
discovered that shipping by air has helped 
them to ring more profits out of their 
firms’ operating capital, and to open up 
new sales areas in new markets. Other 
businesses have found they can do more 
business without increasing their invest- 
ment”. 

That is really the key to the problem of 
costing air freight. It is not so much what 
you gain from individual consignments 
that counts—though these gains may be 
considerable—as those that come from a 
more productive use of available capital 


The firm that uses air freight has less of its 
capital tied up in the distribution pipeline 
Where distribution is regular and frequent, 


or where the consignments have a high 
unit value, the sums involved may be 
considerable. 
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AIR FREIGHT SUPPLEMENT 
Compiled by British European Airways 


Dead weight off your mind! 


Points about packing 


In European trade, packing costs for surface routed consignments may 
come to more than all other freight costs added together. This is specially 


true of machines and equipment with fragile and moving parts. 


But it is 


not true when consignments of this kind go by air. 
Generally speaking, you pack for the air as you would for home delivery 


by road. 


all that is necessary. 


For small multiple consignments light cardboard containers are 
Large bulky items travel safely in light open crates, 


on pallets or sometimes with no packing whatever. 


You reap a triple advantage; 


reduced packing costs, no “dead weight” 


to pay for, and no “returned empty” freight charges to meet. 


In the first of these examples, at least 3 
weeks would have been allowed for transit 
by surface route, and in the second a 
month. By air, delivery is invariably 
completed within a very few days. 

Moreover, to quote the firm’s shipping 
office, “our experience indicates that by 
surface route machines suffer damage to a 
degree varying from slight to major, 
whereas by air it has always been negligible”. 
As this and other shippers have found, air 
freighting is inherently more speedy, more 
efficient, and often more economical than 
any other form of transport on short and 
medium hauls within Europe. It is not 
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Air Freight pays a dividend 


SLUR palctoromeredanyelenc-ymaiane 
sends its brains by air! 


a large 


\ 
reignt services asa 


} ] » 
rom being a luxury for 


4 


business machine manufacturing firm began 


matter of routine. 


use In emergencies only, these services 


saved them money as well as time. Here is how they break down the! 


Y 1 
tcosts I 


for a large and a small machine. 


£50 10 | 


only a question of the speed of the aircraft. 
Flight frequencies, and the relatively small 
loads carried on individual flights both 
play a part in the operation. They allow 
loading and unloading to proceed at 
speed. They enable documentation and 
customs-clearance to be done in a matter 
of hours—sometimes in a matter of minutes 
The long frustrating delays at dockside 
which form a major part of total transit 
time for surface carried consignments are 
completely eliminated. 

Overall dimensions. Limitation and the 
size of consignments are less restricting 
than one might think. BEA’s special 


freight aircraft, which now fly regularly to 
all the main importing and exporting 
centres in Europe, can take unit consign- 
ments up to Il’ x4’ x4 or 6'«5S’ x4’-8” 
in dimension and 3 tons in weight. 

Pre-booked freight space. Consignments 
within these limits can be booked in 
advance to travel on any pre-selected 
freighter flight. Their exact time of arrival 
can be quoted to the consignee. This 
facility may reduce the actual transit time 
very considerably, enabling shippers to 
deliver to any part of Europe within 8 
hours at most, and to Near and Middle 
East destinations within 12 hours. 
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London-Amsterdam 
London-Brussels 

L ondon-C openhagen 
L ondon- Dusseldorf 
London- Frankfurt 

lL ondon-Malta 
London-Milan 
London- Nice 
London-Paris 
London-Ro , A . ~ 
hee ree ern London Vienna 4429 2/6d Glasgow Switzerland 
Manchester-Belfast a 8280 2/3d * 





BEA COMMODITY RATES 





awe wate 


From To Item No. Rate Min. kgs. From To Item No. Rate 





od 
14 
8d 
10d 
4d 
3d 


oe 


” 


” 
INTERCONTINENTAL SERVICES , Brussels 4300 9d " Vienna 
AUSTRIA ‘ . 4402 8d ~ ° Bergen 
London Salzburg 7d 
London Vienna ? . P a 
BELGIUM ; : 4420 8d ‘ 
London-Brussel s 7d Dublin 
(for Antwer , oe ~ ; 
CORSICA ; 4450 = Bd a Oslo 
London-Ajaccw ; 7 2s , 
CYPRUS. , , ” = Stockholm 
London- Nicosia , ’ ’ os . so 
CZECHOSLOVAKIA : 4500 8d ~ . Dublin 
London-Prague 2 7d Frankfurt 
DENMARK , os : 
London-Copenhager & : ‘ = 6d 2s ° Milan 
EIRE 4820 9d B 1 
London-Dublin ‘ ’ , a , russets 
Birmingham-Dublin ; - - 8d ° - 
Dublin 8200 7d I Athens 
- 6d 25 . Brussels 
8450 9d 


: “ 7d 2 ; Hamburg 

a 8990 9d Rome 

: a 8d ym Switzerland 

> : : Copenhagen 4402 23d 

urmingham-Par 

GERMAN os 8280 23d fe of 

Le adon Be . Paris 4300 9d ; Dublin 
yndon 

London-Dussetd ’ * ” 8d - . Milan 

! n-Frankfur ’ : 4402 9d ; Amsterdam 

L ondon-Hanover &d 

London-Hamburg , , . . Brussels a! 

London-Munich ? a ai 7d A = - 100 

Birmingham-Dusseldor 3 58 

Manchester-Dusseldort ? ’ 4580 8d , ” 250 

GIBRALTAR ; “ 7d 5 Liverpool Munich 250 

GREECE : , 4702 9d . Switzerland 100 

London-Athen 2 o ’ 2 Manchester Athens 100 

HOLLAND 

London-Amsterdam a Brussels ” 100 
nchester-Amsterdar ‘ = 8200 250 


Brussels 


——=— NNN 


gLLog 
aao 
a 


——_— he KE NNDNN = 


- ” . , Hamburg i. 100 
: Cologne 4300 ‘ Rome s 100 
ates ; Dusseldorf 4300 2 . Switzerland - 45 
Rome x London Hanover 4300 . ° a 7m 100 
L ondon-Venice Col 4402 5 
Manchester-Milan 2 « —— sas 450 
Manchester-Rome Dusseldorf * , Amsterdam 100 
LEBANON ; Nuremburg 4420 , Dublin 250 
M iontn ‘ Cologne 4702 2 ri 350 


London-Palma Disseldorf o - a 250 
Manchester-Palma Frankfurt Milan 100 
MALTA ° ~ ’ : 
London-Malta . ‘ Cologne 8280 ‘ Amsterdam 100 
tes es > : Disseldorf 8280 ‘ Brussels : 45 
NORTH AFRICA , Amsterdam 4300 v0 . 100 
London-Tripoli - 4402 
London-Benghaz: - ® ” P 250 
NORWAY . 4460 : Dublin ; 250 
t ondon-Bergen . 2 : ‘ 4500 Munich 250 
ondon-Oslo ~~ 
PERSIAN GULF ; 4702 Switzerland 100 
London-Kuwait & Bahrain > ae 
POLAND ° . " 
Londos-Wanaw - - i P 4820 Notes: 1. If a specific commodity rate is shown from 
rouru +a 7 - 4 ‘ ’ ” London to destination but not from Manchester, Liver- 


82 
SICILY , + oat . 4 . 
London-Catania- - - - - 8280 pool, Birmingham, Belfast or Glasgow any BEA Agent or 
SPAIN Cargo office will be pleased to quote, 
(via Malta) ° 
London-Barcelona - - ‘ 8450 : 
a aS ia - 2. Goods may be accepted within the general group 

or on alencia 7 a 

Manchester-Barcclona , ‘ ‘ 4300 description (if applicable) providing there is no rate for the 
SWEDEN 
London-Gothenburg . 4336 specific goods 
London-Stockhoim - 
SWITZERLAND 
London- Basle 


London-Geneva ? Item Numbers: For the sake of clarity Item Numbers 
Monchester Zurich . ° M Roe are given in the above tabulations. The description of the 
irmungham-Zuric 9 : 
SYRIA group qualifying under each Item Number is given below. 
Item No. Description 
4300 Business and office machinery not elsewhere 
specified. 
4336 Tape, Wire and Disc Recording Machines. 
4402 Electrical equipment and/or appliances not 
elsewhere specified, excluding business and 
office machinery. 
4420 Radio, Television and Combination Radio, 
T.V., and Gramophone apparatus. 
Aerials & Antennae. 
Telegraph, Telephone and Teletype apparatus. 
Electrical Household appliances and utensils. 
Dish Washing machines. 
Refrigerators and Freezers. 
Electric razors. 
Refrigerator parts. 
Searchlights, beacons and floodlights. 
Electrical machinery. 
Electric welders. 
Machinery, tools, not elsewhere specified 
excluding steamship and/or motorship ma- 
chinery spare parts. 
Electric hammers. 
Sod ” Musical instruments, Gramophone and Gramo- 
Manchester-Birmingham - - , Stockholm : phone records. 
cee aaa 2 Stuttgart Phonograph records and recording tape 
ae ye eae ae f Photographic projectors. 
1 Recording instruments. 


London-Damascus 
JRKEY 


wi 
a 


London-Istanbul 
YUGOSLAVIA 
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Aberdeen-Orkney - - - - ° Lisbon 
Aberdeen-Shetland 
Aberdeen- Wick - 
Aberdeen-Jersey & Guernse 
Belfast-Jersey “a 
Birmingham Belfast 
Birmingham-Glasgow 
Birmingham-Guernsey 
Birmingham-Jersey 
Glasgow-Aberdeen - 
Glasgow-Barra 
Glasgow-Belfast - 
Glasgow-Benbecula 
Glasgow-Campbeltown 
Glasgow-Edinburgh 
Glasgow-Inverness 
Glasgow-Istay 
Glasgow-Guernsey 
Glasgow-Jersey 
Glasgow-Orkney 
Glasgow-Shetland 
Glasgow-Stornoway 
Glasgow-Tiree 
Glasgow-Wick 
London-Belfast 
London-Birmingham 
London-Edinburgh - M a 
London-Glasgow - - - 45 Milan 
London-Guernsey - - , 

London-Jersey - - Paris 
London- Manchester - 
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E*M°T7 Puotomuctipcicr Tubes & Proto Ceuts 


For SPECTROPHOTOMETRY 


The current range of E.M.I. Photomultipliers is available with quartz or glass windows and 
cathodes of SI, SI0, SII, SI3 and *E.M.I. ‘‘S’® types which provide sensitivity within 
the range 160-1200 millimicrons. 


@ Very low dark currents @ I! and 13 Stage Tubes with glass bases 

@ High overall sensitivities for improved insulation 

@ High stability @ 10 Stage Tubes with medium shell 

@ Guaranteed performance di-heptal bases 

* E.M.I.“S” Type Cathode — reduced red sensitivity with greatly reduced thermionic 
emission, and very low dark current. 


Recent additions to the E.M./. range include a side window I! Stage Tube (9569S) of 11” diameter, o 
single stage tube (7568S) of 4” diameter, and a high impedance (101% ohm) photocell (25/10). 


| Typical Cathode dork current ew 3 
1 


< bt Cathod 
6255,9514S ao 


25mm Cathode 95245 Ni 





28mm Tube 
9502.6250B (Sil a 
i I htt in s 


1Omm Cathode 


Simm Tube ool 
ff 


Dork Current 


9502,6250S (Low Red 











For full details, telephone or write to:— 


E'M'l ELEGTRONIGS LTD vatve oivision 


|S OD GY OF © meee, oy oy ND, © pet! te 4091. 
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ENGLISH ELECTRIC 


Britain’s leading manufacturers of ‘C’ Cores 


“ENGLISH ELECTRIC’ introduced ‘C’ Cores to Britain and established the 
Standard Inter-Service Range in conjunction with the Radio Compon- 
ents Standardisation Committee. The full RCS range of *C’ Cores and a 
comprehensive range of accessories are AVAILABLE FROM STOCK. 
Enquiries for ‘C’ Cores should be made to The ENGLISH ELECTRIC 
Company Limited, Transformer Sales & Contracts Section, East 
Lancashire Road, Liverpool, 10. Telephone AlNtree 3641. 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 
Transformer Department, Liverpool 

WORKS: STAFFORD . PRESTON RUGBY . BRADFORD ° LIVERPOOL . A CRINGTON 

TFL.28 B7 
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These two new instrument tubes 
are being produced by ETEL to 
fulfil the requirements of a 
variety of applications where 
a 5-inch tube is needed. 
Both the 5BUP1 and 5BVP1 are high quality p.d.a. tubes with flat screens 
and side plate connections. Their range of operating voltages is wide and 
is an important feature of their versatility. 
The screen of the 5BVP1 is aluminized, and the higher operating voltages 
allowed with this tube suit it for recording faster phenomena. 
Full data is available upon request to the address below. 


Abridged Data 


Screen Heater 
P1 green fluorescence medium persistence Vh 6.3V Ih 0.55A 


Othe an ms es eciciacken < maa ical Operation 
sr scre s 4 'é 1e order. 
r screens a a T yP : : 


Capacitances Val .. «« 2,000V 4,000V 

ai e ay 
X1 to X2—1.7pF V = fe a, ba ets me me 
< me ait yr focus é "Ox. approx. 
3 «Vad. .. = 2,000 4,000V 
One X plate to all other electrodes less eas 4,000V 8,000V 
other X plate—4.0pF. Was se 28 to -60V -56 to -120V 
One Y plate to all other electrodes less |e ae 0.35mm/V 0.17mm/V 
other Y plate—3.0pF. _ Aare 0.58mm/V 0.29mm/V 


ETE CATHODE RAY TUBES 


ELECTRONIC TUBES LIMITED 


KINGSMEAD WORKS - HIGH WYCOMBE + BUCKS « TEL: HIGH WYCOMBE 2020 
ETL 8 
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Racal announce the 
first in the ‘field’ 
low priced Single 
Sideband 60W 
Radio Telephone 


‘Pa be 
vans povtobte 
Transp loc’ 


Equivalent to Radio Link 600W on DSB ABRIDGED SPECIFICATION 


4 pre-set crystal controlled channels Frequency range: 3-!2 Mc/s 











Frequency range: 3-12 Mc/s in 2 bands Channels : 4 cryecal controle’ 
(2 in band 3- 6 Mc/s) 


60W P.E.P. continuous rating ———— 


Extreme simplicity of operation Output power : le aa 


2 outputs: 


Transportable Aerial : (a) 75 ohm for tuned aerials 


(b) single-ended output for 


May be used for CW operation long wire untuned aerials 


Finish: High grade tropical standard for 
ambient temperatures of 40°C 


The enormous effective gain in power obtained by SSB Power supply : 100-125 and 200-250V 40/60 c/s 
transmission is now available in compact and economical AC supply 
form, especially suited to the needs of colonial communica- Consumption 
tions authorities, geological survey teams, meteorological + see oe 
services, mining companies, oilfields, civil aviation and 18GvA receiver with 

arceac > 7 > transmitter available 
overseas armed forces. seek Gihdwoer ese 

mission 
The TRA.5S is tropicalised and designed for use by unskilled os iain Metin en 
> ‘ i ‘ “eiVve i > : imensions : ict inches cms) 

personnel, the transmitter and receiver being tuned simul- Height 244 inches (624 ems) 
taneously to 4 pre-set channels, selected by a single switch. Depth 20} inches (52 cms) 
The R/T transmit switch is incorporated in the handset Weight : 
handle. International-type valves and connectors are 
used throughout. 


Approx. 160 Ibs. (72.6 Kg) 











BRACKNELL, BERKSHIRE 


Telephone Bracknell 941 
Cables/Grams. Racal Bracknell Berks 


|} ; North England Agent: Farnell Instruments Lid. 
| fall bd fa aay IT TINT) Wetherby Industrial Estate, York Road, 
Wetherby, Yorks. 


MA RGRUe eee Telephone: Wetherby 2544 


Scottish Agent: A. R Bolton & Co 


ir Engineering Limited eee 
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LIGHTWEIGHT HIGH 
Varley crriciency BATTERIES 


The ‘Varley’ method of lead acid battery construction, in which the plates and separators are assembled together under compression to 
form a solid porous block, has proved in service throughout the world and over many years to be electrically and mechanically far superior 
to any other method known. 


The ‘Varley’ construction has made possible the use of thin plates and highly porous active material without any dangers of buckling and 
shedding or reduction in the life of the battery in service. 


The most important advantages over all other lead acid batteries are: 


POWER TO WEIGHT RATIO @ INCREASED EFFICIENCY 
AT HIGH RATES OF DISCHARGE @ MORE RESISTANCE 
TO VIBRATION, CORROSION AND NEGLECT @ NO 
FREE ELECTROLYTE TO SPILL. 


The V.P.T. range is suitable for assembling into units of any voltage. 
They are now used universally in the following equipment: 


All types of Electronic Meters and Testing Instruments; 
Medical, Surgical and Dental Apparatus; Photographic and 
Photo Flash Equipment; Portable Amplification Equipment; 
Broadcasting and Television Apparatus; Marine Instruments; 
Aircraft and Glider Instruments; and every type of Model 
operated by batteries. 


SPECIAL TYPES FOR GUIDED MISSILES 





AMP. HR. CAPACITY 


VOLTAGE 20 hr. 10 hr. 5 hr. I hr. 
rate rate rate rate 


45 4 3.5 25 





OVERALL DIMENSIONS WEIGHT 


7 
webs IN INCHES 


to 24 in E 


2-Vole LENGTH WIDTH | HEIGHT 
tappings 9 4} 23 





OVERALL DIMENSIONS 
IN CENTIMETRES 


2286 | 1206 | 698 





Kilograms 


3-402 

















CONTAINER MATERIAL—HIGH IMPACT POLYSTYRENE 


This battery has been developed for use in laboratories. It is tapped at 
every 2 volts up to 24 volts. It can be discharged at any voltage up to 
24 volts, or in individual 2-volt cells. Multiples of these units can be 
used for high-tension purposes. 





AMP. HR. CAPACITY 
VOLTAGE 
10 hr. 5 hr. I hr. 
rate rate rate 


25 22 18 14 





OVERALL DIMENSIONS WEIGHT 
IN INCHES 


LENGTH | WIDTH HEIGHT 
93 3H 5} 





OVERALL DIMENSIONS 
IN CENTIMETRES 

———— 8-005 

25-08 9:68 is 


Kilograms. 

















CONTAINER MATERIAL—HIGH IMPACT POLYSTYRENE 


This Heavy Duty Battery is capable of giving high discharge currents, 
with high terminal voltage over a wide range of temperatures. The 
power to weight ratio is the greatest ever achieved in lead acid battery 


VPT. 12. 19/25 construction. 


For full details and catalogue of all other types write to:- 


VARLEY DRY ACCUMULATORS LIMITED 


BY-PASS ROAD, BARKING, ESSEX 
Rippleway 3346/7/8 
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METALLIZED 
PAPER 





PRECISION 
PAPER 








METALLIZED FILM 


CAPACITORS Bux 


DESIGNED TO COMMUNICATIONS STANDARDS 





..-Offer the engineer 


RELIABILITY + 


In addition to standard a TMC POLYSTYRENE CAPACITORS 
ranges of metallized paper, have an insulation 50 times greater than Mica with 
precision paper and silvered comparable stability, plus an attractive price advantage. 
mica capacitors, wealsohave 3 TMC METALLIZED MELINEX CAPACITORS 
many designs and ratings suitable are a high grade successor to Metallized Paper 
for abnormal conditions with smaller dimensions and an operational 
and unusual locations. temperature range up to 150°C. 


Write or ‘phone for full technical data to COMPONENTS SALES DIVISION 


TELEPHONE MANUFACTURING CO. LIMITED 


CRAY WORKS - SEVENOAKS WAY - ST. MARY CRAY - ORPINGTON - KE gton 26611 
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TRANSFORMERS 
HADDON. LIMITED . 


MASONS AVENUE - WEALDSTONE - HARROW - MIDDLESE} 


HRRnUWwW 9022 —%4 
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PERECISIONW GEA EHs 
of meaxr perfection 


Here is a chart—selected at random—showing 
the recorded errors in pitch, tooth thickness, 
profile and pitch circle run-out, all contained 
within a deviation of 0°0002” from a straight 

line. 
It is a typical result of years of close 
study of all aspects of gear produc- 
tion, including that of fine pitch 


gear shaving. 


— 


~~ 
_ 
: 


“ha 
« 


ca 


. 
. 


> 


We invite your enquiries 
for gears of a _ similar standard, 
which is of course superior to that of 
DIRECTORATE OF NAVAL ORDANANCE, 
CLASS 1. 
Also for Gear Assemblies to meet the require- 


ments of the most exacting Test Specification. 


As supplied to leading firms in the 


Radar and Electronic Industry. 


Scientific & Projections 


Kidbrooke Park Road, Kidbrooke, London, S.E.3 
Telephone: LEE GREEN 2112 
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|THE RADIO. oe Stand No. 


SHOW /ijl| 


| 
i i] 
vj 
EARLS COURT |Z== 
AUG 27- SEPT6 Sl 











MODEL 7 SO RANGE 
¢ 


AVOMETER 


in one instrument 


Tue wide scope of this multi-range AC/DC 





measuring instrument, coupled with its unfailing reliability, simplicity of 
CURRENT VOLTAGE 


ImA D.C. only 50mV D.C. only 
Bau we a ae a 


5. A.C. & D.C. er © oe equipment has to be maintained in constant, trouble-free operation. 
' 


5, A.C. : 
10. It provides 50 ranges of readings on a 5-inch 


we , hand calibrated scale fitted with an anti- 
ee a ; Y parallax mirror. Accuracy is within the limits 
200,, = laid down in Section 6 of B.S.S. 89/1954 for 
00... a 5-inch scale industrial portable instruments. 
10 ' ty ame \ Range selection is effected by means of two 
= ‘ips electrically interlocked rotary switches. The 
Sm total resistance of the meter is 500,000 
RESISTANCE - : ohms. 
eae ohms p using internal 1} volt cell > 


use and high degree of accuracy, renders it invaluable wherever electrical 











i The instrument is self-contained, compact 
| Megohm using internal 9 vole battery ’ and portable, simple to operate, and is 
10 Megoh ; [AC { } protected by an automatic cut-out against 
egohms | using external source of A.C. damage through inadvertent overload. 

°° J or D.C. voltage ; 
Power and Power Factor can be measured 
in A.C. circuits by means of an external 
CAPACITY 0:0!—20 mFds ; accessory, the Universal AvoMeter Power 
Factor & Wattage Unit. 








List Price 
POWER AND DECIBELS £19 : 10s 


Impedance | Power | Decibels > ss a 
Peepeged Weight 64 Ibs, (vacluding lead 

500 ohms 200 mw niin é eight 63 Ibs. (including leads) 
5,000 ohms 2w —ISto + 16 


50,000 ohms | 200mW —25 to 6 








---you can depend on 





Vorious accessories are available for 
extending the wide range of measurements, 
illustrated Brochure available on request. 


Sole Proprietors and Manufacturers AXNYD LTD 


AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD- LONDON -:S.W.1 ~- Telephone: ViCtoria 3404 (9 lines) 
Manufacturers of ELECTRICAL, ELECTRONIC & NUCLEONIC INSTRUMENTS, DOUGLAS & MACADIE COIL WINDING MACHINES 





A7/9 
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FERRANTI DUNDEE 
offer a wide range of 
Microwave Components 


Ferrite Devices and Materials 


Broad Band T.R. Cells 


eeee 
PAS POON *e@e oo % oP oP ete’ 


Tuneable T.R. Cells 


Magnetrons 


Noise Sources 


HBOe oo & 


Waveguide Windows 


Li 


Please write for further details to:- \Ferranti) 


FERRANTI LTD - KINGS CROSS ROAD - DUNDEE 
Telephone: DUNDEE 87141 
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Srondard 


| | [ 
SMALL-DIAMETER CO-AXIAL 
CABLE TELEPHONE SYSTEM 


The new Standard Small Diameter Coaxial Cable System is ideal 
for the economic provision of telephone circuits over trunk 
routes of comparative low traffic density. 

It is designed to provide 300 speech circuits over a pair of coaxial 
tubes using the frequency band of 60 to 1,300 kc/s. Each speech 
circuit has an effective band-width of 300 to 3,400 c/s and meets 
the full C.C.I.T.T. performance for ‘‘circuit fictif’’ over a route 
distance of 1,600 miles (2,500 km). 

The system is fully flexible and among other facilities provides 
the following:— 


(a) Each telephone circuit may be passed directly to the local 
trunk switchboard as a two- or four-wire circuit. 


(b) Individual 12-circuit groups or 60-circuit super-groups may 
be interconnected at the appropriate stage, between systems 
radiating from the station. 


(c) On any of the telephone circuits it is possible to employ up 
to 24 voice frequency telegraph circuits in the range 420c/s 
to 3,180c/s. 


NEW TRANSISTORISED REPEATER 
4mm COAXIAL TUBES 


Two, four or more of the small diameter coaxial cores 
The repeater which are used with this system, can be laid up together 
unit may be with paper or polythene pairs or quads. The laid-up 
Recs pees cable may then be sheathed with lead or plastic. 
the buried re- The use of an expanded polythene dielectric makes the 
peater housing coaxial cores mechanically robust. The construction 
ot ot of the cable makes it very suitable for aerial installation 
ance. particularly where size and weight are important factors. 








Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 


TRANSMISSION DIVISION: NORTH WOOLWICH. LONDON €E.16 
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mcreases production in the Engineering Industry 


oo et EN / 


+ 

% 
*Fluon’ p.t.f.e. used as insulation on the joints between the liner and torus on “Zeta” 
designed by United Kingdom Atomic Energy Authority Research Establishment. 


‘Fluon’ p.t.f.e. was used 
in the construction of ““Zeta’’ 


HE JOINTS between the liner and torus on __ used to withstand intermittent temperatures of 
"Tl sere" aeclenieand with several thicknesses up to 500°C, (2) It will not gas under vacuum. 
of ‘Fluon’ p.t.f.e. formed into rolls of film 4’0” (3) It has excellent electrical insulating 
wide x 0.010” thick. properties. 

This outstanding I.C.I. plastic material was This is not all. ‘Fluon’, the most inert of all 
chosen because: — plastics, is tough and flexible. Its coefficients 
(1) Its normal working temperature range is __ of friction are very low and few materials stick 
—80°C.to250°C. but inthisinstance ithasbeen _ to its surface. 


polytetrafluoroethylene manufactured by 1.C 1 


IMPERIAL CHEMICAL INDUSTRIES LIMITED =. . s.wi | 
PF.4S 


IC] 
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KLYSTRON POWER UNIT 


TYPE 1856 


Developed and 
manufactured for the 
MINISTRY OF SUPPLY 
in conjunction with the 
ROYAL RADAR 
ESTABLISHMENT 





Now offered for general use, the 

Klystron Power Unit enables iow voltage 
Klystron oscillators to be operated with an 
exceptionally high degree of frequency and 
power stability. 


SPECIAL FEATURES 

@ 2 Power Supplies in one unit for operating 
Klystrons either singly or in pairs—separate controls 
for each supply. 

@ Modulation—square and saw-tooth wave provided by 
internal oscillators. 

@ Highly stable ten turn helical potentiometer for 
adjustment of the cathode output voltage. 


Send for leaflet No. 176. 


Wraeee 


TELEPHONE: HIGH WYCOMBE 2060-4 


AIRMEC LIMITED - HIGH WYCOMBE - BUCKS 
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EL360 .. . NEW pentode 


with high performance in 
THREE important applications 


The new Mullard pentode type EL360 is a remark- 
ably versatile valve and in three of its most im- 
portant applications it offers a particularly favourable 
performance. A feature of this valve which will be 
welcomed by designers of radar, television studio 
and similar equipment is the opportunity it provides 
for the standardisation and consequent reduction 
of valve types. 


EL360-as Pulse Modulator 


As a hard valve pulse modulator, the EL360 may be 
operated at 4.5 kV with a duty cycle of 0.001 and 
a peak cathode current of 4 amps. 


EL360-as Scanning Valve 


In scanning applications the EL360 may be operated 
from H.T. lines of 1 kV with a peak anode voltage 
of 7 kV. 


EL360—as Series Regulator 


Triode connected, the EL360 offers a high slope 
and a low impedance for medium voltage series 
regulator applications. When pentode connected, 
the valve may be used as a high voltage low power 
series regulator. 








Write to the address below for data which 
includes ratings for all applications. 





Desig tte tai 
LNCS oes 


am. 
A 
; GOVERNMENT AND 
MULLARD LIMITED - MULLARD HOUSE ae < INDUSTRIAL VALVE DIVISION 
TORRINGTON PLACE - LONDON :- W.C.! oR ey 
Telephone: LANgham 6633 


a 


at ie 
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Commentary 


HEN, in 1939, the television service of the BBC 

closed down at the outbreak of war, there were about 
20 000 television receivers in operation in this country, 
confined mainly to the London area. 

Today, the figure for the country as a whole has risen 
to over eight million and it is still growing. 

This is one of a number of interesting items contained 
in a broadsheet* recently published by Political and 
Economic Planning and entitled “ Television in Britain”. 
Without comment on the results it has obtained, the docu- 
ment sets out some of the facts behind the phenomenal 
growth of television, together with the characteristics and 
viewing habits of the television public, the development of 
commercial television, and the public attitude towards it. 

One of the difficulties which is immediately apparent on 
reading the broadsheet is the absence of any reliable yard- 
stick by which the growth of television can be measured. 
The number of television receivers in a country is one 
indication, the number of television transmitters is another. 
The countries with the large densely populated areas tend 
to have the larger number of receivers, but they require, of 
course, a larger number of transmitters. Countries of small 
area and populations,on the other hand,are able to provide 
a greater coverage—almost complete in some cases—with 
relatively few transmitters. How, then, does one compare 
the growth of television in the smaller countries, for 
example, Monaco, with countries as vast and populous as 
the United States and the U.S.S.R.? 

Ihe broadsheet attempts to overcome this difficulty by 
measuring the growth of television by the somewhat arbi- 
trary ratio of “number of persons per television receiver ”’. 
It lists the countries of the world in which there is a 
regular television service and arrives at this ratio by divid- 
ing the population by the number of television receivers 
in the country. 

But, whatever standards are chosen, it is only to be 
expected that the greatest growth would be in the United 
States. With an estimated forty million receivers—more 
than twice the total number in the rest of the world—and 
a daily transmission period of 19 hours—the United States 
heads the world with a ratio of four persons per receiver. 
Hawaii comes second with a ratio of five 

With nearly nine million television receivers, Britain now 
ranks third with Canada with a ratio of six but, even so, 
most other European countries fall far below these levels. 

(For those who are interested in what goes on at the 
other end of the scale, it may be worth while bringing to 
their notice that at the very bottom is S. Korea with only 
one television receiver for every 8 400 of its population. In 


* Planning, Vol. 24, No. 420 (24 March, 1958) : Television in Britain. (Lon- 


don : Political and Economic Planning, 1958) 3s. 6d 
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Europe, this privilege is reserved for Spain with one for 
about 5 000.) 

If one were tempted to put forward a claim for Great 
Britain, it could be argued that the greatest rate of growth 
has occurred in this country for, with eighteen television 
transmitters in Operation, the BBC has now a coverage 
of 98 per cent of the population. It is certainly true that 
no other country in the world with a comparable popula- 
tion has achieved anything like this coverage. 

In fairness to the Independent Television Authority, who 
did not arrive on the scene until 1955, it should, of course, 
be pointed out that with six television transmitters in opera- 
tion they have a coverage of 75 per cent at the present 
time, but they aim to have eleven stations in 1959-60 giving 
a coverage of 90 per cent and hope later to extend this to 
95 per cent, by which time, according to their Annual 
Report for 1956-57, “the way will have been cleared for 
the development of a second I.T.A. television service ” 

It was, perhaps, outside the terms of reference to review 
the trends in receiver design that have taken place in the 
post-war years, but an aspect investigated by the authors of 
the broadsheet which has had a considerable 
influence on receiver design—is the changing size of the 
television screen 

In 1948 four-fifths of the 
or 10in and the remainder made up 
entirely of !2in tubes. Three years later, the 12in tube had 
gained in popularity and accounted for about four-fifths 
of the total that This was about the time 
that tube shape was changing from circular to rectangular 
and the I4in rectangular tube was beginning to make its 
appearance so that, in 1954, half 
had I4in rectangular tubes and about a third had the still 
larger 17in tube 

In 1957 the 17in was the most popular and accounted for 
two-thirds of the sales, while the 
one quarter of the tetal. The larger 2lin tube, perhaps on 
account of its size, and cost, does not appear to have caught 
the public’s fancy 
than in the United States where the preference is for the 
19in tube, or larger 

On the thorny note has 
obviously been taken of the American experience and quot 
ing an American report that four 
reasonably heavy production and marketing the number of 
colour T\ still amounts to less than 1 per cent of 
the number of black and white sets’, the broadsheet con 
cludes its survey of colour by remarking that 
little prospect of colour television being started on a regular 
basis within the next which, unless 
there is more going on behind the scenes than has come 
to our notice, seems to be slightly optimistic 


and one 


had Yin 
almost 


sets in this country 


tubes was 


sales for veal 


more than the sets sold 


14in accounted for about 


so that the average size is still smaller 


problem of colour television, 


‘after at least years ol 
sets 


“there seems 


year or two”—a view 
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Liquid Cooling of Electronic Equipment 


By E. N. Shaw*, A.M.LE.E. 


The potentialities of liquid cooling are explored to determine the effectiveness of heat-exchangers 
equipment as integral parts of an assembly. 


built into electronic 


It is found that some 95 per cent of the heat in G pressurized container can be extracted without 
undue elaboration, leaving so small a residue that the usual thermal hazards in compact assemblies 
no longer exist. Temperature-sensitive components can be segregated in an environment at—or 


very close to 


room ambient, an obvious advantage in 


“mixed” units containing both valves 


and transistors. 


As the container skin is not called upon to play any part in the process of heat extraction, outer 


surfaces may 


he lagged to make the unit completely independent of unfavourable environments, 


with the internal conditions controlled and stabilized by adjustment of coolant inlet temperature 
and rate of flow. 


io RIENCE gained over the past decade or so has 
shown that the miniaturization of electronic equipment 
is not just a simple exercise in mechanical ingenuity, but 
a process that is complicated by thermal hazards. Packing 
larger numbers of hotter components into smaller 
enclosures can raise internal temperatures to intolerable 
levels, resulting in the loss of stability, reduction in life- 
expectancy and the probability of early catastrophic failure 
of the more temperature-sensitive components. 

Of the two methods of combating this threat to reli- 
ability, the most popular to date has been for equipmeni 
designers to transfer the responsibility to component 
manufacturers by demanding that their products should 
maintain their stability and reliability at ever-increasing 
temperatures. The wisdom of such demands is arguable 
since, with the present disparity in component operating 
temperatures, any One heat-dissipating component that is 
made to function at a higher temperature becomes a 
greater menace to those that cannot be up-graded. 

The alternative is for equipment designers to recognize 
the fact that disparities exist and to accept responsibility 
for cooling their assemblies to a level at which reliable 
operation may be expected from conventional components, 
with temperature-sensitive items segregated from _heat- 
dissipating elements and seauential ccoling employed io 
ensure that all components in an assembly operate well 
within their thermal categories. It has been shown! that 
intelligent use of heat control in instrument and 
rack-mounting equipments can produce very substantial 
temperature reductions within electronic equipments 
cooled by natural means. The techniques developed during 
these investigations are now applied to the more exact- 
ing case of pressurized equipments in which compact 
assemblies cannot operate without forced cooling. 


cases 


A customary appreach to this problem regards equip- 
ments as ‘black boxes’ with the total dissipation deter- 
mining the skin temperature of the container, which acts 
as a barrier between hot interior and cold exterior. Internal 
temperatures can be reduced by external cooling of the 
container, but only to the same extent as the reduction in 
container temperature, with a high gradient remaining in 
the interior as the motive force required for the transfer 
of the entire dissipation through the container barrier. 

Liquid cooling has the initial advantage of being adapt- 
able to sequential cooling within a container, and is thus 
able to augment any spatial segregation incorporated in the 
assembly by being applied first to temperature-sensitive 
components to counteract any heat transfer from hotter 
areas. Progressing to intimate contact with the heat source, 


* Royal Radar Establishment, Malvern 
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the coolant absorbs heat and withdraws it bodily, obviat- 
ing the need for forcing it through container surfaces. With 
heat extracted by direct cooling, the container becomes 
thermally neutral and can be lagged to prevent heat ingress 
in unfavourable environments. 


Scope of Experiments 

With the intention of verifying the above contentions and 
exploring the potentialities of liquid cooling, a series of 
some ten assemblies were built and tested. It soon became 
apparent that direct liquid cooling had so high an extrac- 
tion efficiency that caution was thrown to the winds and a 
policy of cramming as many watts as possible into the 
available space was adopted—not without a guilty feeling 
that such a practice was most reprehensible—to present 
more pungent contrasts with conventional cooling methods. 


The Experimental Assembly 

The size and shape of the assembly. were determined by 
the dimensions of a container that happened to be avail- 
able: a restriction willingly accepted because it reproduced 
a condition that must be familiar to most designers who 
have been required to pack enormous quantities of power 
into incredibly small and unsuitable spaces. In this instance 
the container was 7in in diameter and 104in long, with a 
surface area (including the front panel) of 308in’ and a 
volume of 808in*. To make the assembly representative it 
had to incorporate both temperature-sensitive components 
ind heat-dissipating valves in close juxtaposition, so the 
first step was the prudent one of segregating the two by 
setting one quarter of the total volume for com- 
ponents, leaving some 606in* in which the heat 
consisting of 22 flying-lead valves operated as 


aside 
to deploy 
source, 
cathode-followers at their maximum rated dissipation 
Preliminary work had proved that a modicum of 
mechanical ingenuity would permit the cramming of up 
to 250W total dissipation into the available space, although 
accumulated experience predicted that such a high thermal 
loading would, auite literally. melt the assembly in a matter 
of minutes in the absence of a highly efficient cooling 
system. As it was desired to study the assembly for long 
periods under widely different conditions, the power supply 
was made very flexible, it being possible to reduce anode 
dissipation to zero, leaving a total of 70W heater dissipa- 
tion, which could in turn be reduced by lowering heater 
voltage. The procedure under new and unexplored condi- 
tions was to commence at low dissipation levels and to 
increase the input gradually until temperature measure- 
ments indicated a close approach to melting point. 
Mechanical features of the final arrangement are shown 


in a cross-section, Fig. 1, ‘exploded’ to emphasize the 
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segregation that was an essential feature of this design. 
Heavy lines indicate structural members extending the 
entire length of the assembly from front panel to rear 
support. Symmetrically disposed between these members 
were two identical small sub-assemblies each containing six 
valves on a chassis I4in wide and 8in long. Each chassis 
was in thermal contact with both upper and lower struc- 
tural members, with the valves held in split brass tubes 
soldered to supporting plates that were thermally insulated 
from the chassis—a further example of thermal segregation. 
The liquid cooling system consisted of some }in copper 


OUTLET 


INNER AND OUTER 
SURFACES OF CONTAINER 
POLISHED) 

i 


UPPER 
VALVES 
190 WATTS 


INLET 


Sectional view of experimental assembly. * exploded * to stress 
thermal segregation between hot, warm and cold portions 


tube bent into hairpin shape, with the lower limb in good 
thermal with and both structural 
members, and the upper limb soldered to the rear of the 
valve supporting plate. Hea between valves and 
chassis was prevented by the flow of coolant, from lower 
limb to upper limb, from surfaces in 
intimate contact with the valves and conveying it to the 
larger upper assembly. Maximum dissipation from the two 
small units was 60W total 

The remaining 190W were located in the larger upper 
assembly comprising ten power 
held in split brass tubes soldered to the underside of the 
roof-shaped upper section, which was supported by, but 
insulated from, the upper structural members. A hairpir 
of copper tube was soldered to each side of the outer roof 
surface, with the upper limbs joining the larger diameter 
tube running under the roof crest to form a common outlet 
passing through the front panel, from which it was ther- 
mally insulated. 


contact the chassts 
transie! 


absorbing heat 


pentodes (five each side) 
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A larger diameter tube was used as a common inlet, 
entering the assembly at its lowest point through the front 
panel, from which it was thermally insulated. This inlet 
tube was in good thermal contact with the component 
deck, or ‘cold plate’ which was supported by, but ther- 
mally insulated from, the inverted V-shaped lower structural 
member that formed a radiation shield between the cold 
component compartment and the warmer above 
it. 

Having divided the assembly into hot, warm and cold 
zones, it was considered that unbroken lengths of high- 
conductivity copper tube would impair the carefully built 
up segregation by encouraging heat flow from the hotter 
to the colder areas, so the three were insulated 
from one another by short lengths of low-conductivity 
plastic tubing which had no effect upon the intended up 
ward transfer of heat by the coolant, but prevented un- 
wanted downward thermal the absence of 
coolant, or at very low rates of flow 


section 


sections 


‘feedback ” in 


Space occupied by the cooling system amounted to less 
than 8in', or under | per cent of the container volume 
Temperature Measurements 

Twenty double-ended (differential) thermo-couples were 
used for measuring the temperature rise above room 
ambient, which was held at 20 C. All quoted figures were 
recorded in a vertical plane through the centre (hottest) 
section of the final assembly, although many measurements 
other points during the various stages of 


were made at 


development as a means of assessing the correctness of 
deductions made and put into practice 

Valve temperatures were measured by flattening the hot 
junction and pinching it between the glass envelope and the 
split brass tube holding it, while structural members had the 
hot junctions to them. Measuring com 
ponent temperatures presented a problem, which was solved 
These had the 
advantage of a fairly large surface area to absorb any heat 
transfer by compartment; 
they could be firmly mounted on the cold plate, and their 
formed a_ highly 
small 


soldered directly 
by using six sealed relays as ‘components’ 


radiation into the component 


connected in series 


thermometer for 


copper windings 


accurate resistance measuring 


changes in the (average) temperature rise of the ‘com 


ponents disposed along the entire length of the segregated 
compartment 

As the cylindrical container would have shown appreci 
able temperature variations along its surface, a circumferen 
tial winding of copper wire at the mid-length was used as 
a resistance thermometer to give the average temperature 
rise around the circumference in the hottest plane 


Ordinary merc thermometers were used to 


ry-in-glass 
coolant, 


outlet 


and outlet temperatures of the 
that 


thermometer could not be relied upon for reasons referred 


measure inlet 


although it was found the readings on the 


to later 


Measurements were made under three test conditions, 


the assembly (a) in free air, (b) in a 


flowing through 


with polished con 


with wate! 


tainer, and (c) in its container 


the cooling tubes 


Experimental Results 

The point at which an assembl\ 
vital 
determine the thermal Ic iding at which 


is lable to catlastropn 


failure being of interest to equipment designers, it 
iS instructive tk 
the assembly would have melted, as predicted by experienc 
by examining the results obtained under the three conditions 
stipulated above and recorded in Fig. 2 (a), (b) and (c) for 
dissipations up to the maximum of 250W. The thermal 
resistance figures on explained 


these curves are later 
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With valve-holders attached to their supporting surfaces 
by solder melting just above 180°C, it was thought unwise 
to allow temperatures in this region to exceed 170° (150 
rise above 20° ambient). Accepting this limitation, it is 
seen that in free air (a) the assembly was safe (as shown by 
full lines) up to 160W loading, with the certainty of 
catastrophic failure at slightly greater dissipation. The point 
of disintegration was reached at only 80W (b) with the 
assembly in an airtight container as a result of changing 
from direct convection cooling to indirect cooling of the 
container surfaces. 

Plotted on a log-log scale, the relationship between the 
thermal loading and temperature rise is linear, permitting 
the easy extrapolation of temperatures that might have been 
recorded at the full 250W dissipation in the absence of 
catastrophic failure, as shown by the dotted lines in (a) 
and (b). In free air the upper valves would have reached 
their maximum temperature rating of 250°C and the lower 
valves would have attained a temperature exceeding 150°C 
which is marginal for some valve types. The components, 
on the other hand, would have risen only 20° as a result of 
segregation from the heat source. Cutting off direct convec- 
tion cooling by placing the assembly in a container (b) 
would make full-load conditions completely intolerable, 
with upper valves reaching 460°, lower valves exceeding 
300° and components sweltering at nearly 200° in a con- 
tainer with 146°C skin temperature. Thus, while the melt- 
ing point of solder may be considered an artificial restric- 
tion to be easily overcome, it is indicative of temperature 
levels above which serious difficulties are likely to be 
encountered. 

In contrast, a glance at the results under condition (c) 
shows that a flow of 25lb/h of water through an integral 
direct cooling system was more than adequate for the 
attainment of very temperate conditions indeed, without 
the slightest risk of disaster, even at the previously un- 
attainable maximum dissipation of 250W. Temperature 
rise in the component compartment was only 5°, compared 
with a rise of 20° in free air, making this a very suitable 
location for temperature-sensitive items such as transistors. 
The safety factor was also remarkable, it being calculable 
that at this rate of flow it would need 1 060W dissipation 
to make the water boil at the outlet, and no less than 
7-1kW to boil the assembly completely dry. 

To give some idea of the scale of water flow involved, 
it might be mentioned that in circles associated with 
domestic plumbing a leaky tap dripping for one hour is 
estimated to waste 0-5 gallons of water.at Slb/h mass flow 

If this demonstrated potentiality of liquid cooling is to 
be fully exploited in any given application, it is important 
to obtain a clear understanding of the factors governing 
its effectiveness. This can be done by comparing it with 
forced convection cooling of the container, and then exam- 
ining the means by which it was made to yield a cooling 
efficiency of 95 per cent in an experimental assembly 
designed to take every advantage clfered by liquid cooling. 


Thermal Resistance 

Both studies are made simpler by adopting the concept 
of ‘thermal resistance’, R;, expressed in C/W, and 
defined here as the temperature difference between two 
points on the assembly, or between any one point and 
ambient, divided by the total thermal loading responsible 
for that difference. 

Thus, in Fig. 2(a) the upper valves experienced a 65° 
rise at a loading of 70W, giving R, = 0-:93°C/W. Values 
of R: are marked along the curve, and it is seen that they 
vary from 1-05 at 10W to 0-88 at 250W—a reminder that 
an increase in heat flux is not accompanied by a propor- 
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Fig. 2. Temperature rise / dissipation curves under three test conditions. with 
inset figures indicating the thermal resistance to ambient in 
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without container. Cooled by natural convection 
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Liquid cooled by 25lb/h of water at 20°C 


(a) Assembly 
(hb) Assembly in container 


(c) Assemb in container 


tional rise in temperature, although by using log-log scales 
one can show the relationship by means of conveniently 


straight lines. The 9° rise in component temperature at 
70W gives a low figure of 0:13°C/W thermal resistance 


; ; 65 — 9 ; 
to ambient, and a high ( = = 08 ) thermal resistance 
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between components and upper valves. Had these com- 
ponents been mounted on the same chassis as the valves 
their temperature would not have been widely different, so 
the practice of thermal segregation may be likened to the 
introduction of a thermal attenuator with a high series 
arm and a low shunt arm. 

With the assembly in its container, Fig. 2(b), values of 
R, for the upper valves had doubled (i.e. the melting point 
was reached at half the previous loading), varying from 
2:1 to 1-76°C/W, while R; between container and ambient 
ranged from 0-9 at 10W to 0-5 at 250W. By calling the 
latter external thermal resistance, Rtex:, and subtracting 
it from the R; between the upper valves and ambient at 
common loads, a new set of figures is obtained for 
internal thermal resistance, Riint, ranging from 1:2 to 
1-26°C/W. If so small a variation over a 25:1 change 
in load is disregarded, it can be stated that for all practical 
purposes the total thermal resistance between a point in 
the interior and the ambient is the sum of a constant 
internal resistance and a variable external resistance so 
that, for a thermal load W, a point in the interior will 
attain a temperature rise 

Ar ( Ww ° (R, nt Ri ext) 

The significance of this expression becomes apparent at a 
point in the design procedure when it is realized that some 
reduction in internal temperature rise is imperative if the 
equipment is to survive. Should the required reduction be 
less than the temperature rise of the container, W . Rtext, 
then there is some hope for conventional methods, such as 
increasing the container emissivity. and resorting to forced 
convection cooling of the container, although it will be 
shown that methods hallowed by tradition can themselves 
introduce hazards that render futile the additional weight, 
expense and complexity devoted to producing such 
“improvements ° 

If the required reduction in temperature be greater than 
can be accomplished by reducing Riex to zero (or near 
zero, since there must be temperature difference 
between the surface and ambient for heat transfer to occur), 
there are three courses available to the equipment designer. 
He can de-rate the assembly by removing heat-dissipating 
elements until tolerable thermal loading is attained; he can 
endeavour to reduce R; in, which is greater than Rtext and 
much less tractable. or he can turn to liquid cooling for his 
salvation. 


SOnie 


Examples of all these methods are given to demonstrate 
the magnitude of the various factors involved in the choice 
of a cooling system for an experimental assembly grossly 
overloaded by conventional standards. 


Indirect Cooling by Natural Convection 

The temperature rise above ambient at which a heated 
body attains thermal equilibrium in still air is usually 
related to heat flux by the expression 


W /in mn. Carp ..... 5d, oie se S 


where /: is a coefficient depending upon the shape, aspect 
and surface emissivity of the body 


Once these factors have been established for a specific 
body, as in the experiment recorded in Fig. 2(b), its rise in 
temperature (Ar) becomes a measure of power dissipated; 
the expression for the container in this particular case is 

W 0-59 (Ar)* ; : (3) 


At 1-5 (Wy? jira (4) 


These relationships being a little cumbersome, it is 
easier to work in terms of thermal resistance, “C/W, so 
very simply derived from the container calibration curve 
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and marked along it. The tendency is for thermal resistance 
to increase at lower levels of dissipation, as can be seen by 
substituting Art = 1° in equation (3) to give an equivalent 
loading of 0-59W, at which Ri: ext is very high, being 1/0°59 
= 1-7°C/W. 

Assuming that the container is in truly still air at such 
very low dissipation, heat transfer can occur by conduction 
only, with the high thermal resistance accounted for by the 
low conductivity of air. Greater dissipation will increase 
surface temperature, heating the air in contact with it and 
decreasing its density until it is thrust upwards by colder 
and more dense air replacing it. This bodily transfer of 
heat from container surfaces is responsible for progressive 
reductions in Riext, Which continues to diminish as the 
increasing dissipation gives greater vigour to the natural, 
or self-generated, convection currents. 

It was established that this natural process was not very 
effective, the assembly being in danger of melting at loads 
in excess of 80W, although continuous operation at 70W 
was proved to be safe, with a recorded temperature rise 
of 130° for the upper valves and 44 for the container, the 
Ri ext being 0-63°C/W. 

With an assembly capable of dissipating 250W having 
to be de-rated to 32 per cent of this maximum in order to 
have a chance of survival, or to 28 per cent for continuous 
operation free from anxiety, the conventional reaction is to 
try to reduce container temperature by forced convection. 


Indirect Cooling by Forced Convection 

Before considering forced convection it is just as well to 
dispose of a fallacy that seems to be very prevalent. Forced 
convection does not ‘blow off more watts’, but merely 
extends the process described for natural convection by 
increasing the vigour with which cold air displaces warm 
air at the container surfaces, allowing the dissipation—which 
is unchanged—-to take place at a lower equilibrium tem- 
perature. The ultimate aim is to reduce the container 
temperature to that of the cooling air, making Rix zero. 
Although this is impossible, it is worth a few moments 
consideration as an unattainable goal 

If air is forced across container surfaces in the previous 
example with such vigour that the 44° temperature rise falls 
to zero (due to elimination of Ri «x:) the upper valves would 
rise by the product of 70W and a constant Ri in of 
1-23°C/W 86 . or just 44° less than the 130 
with natural convection. The internal temperature drop 
would thus be the same as that produced externally. 


recorded 


A check was made in an improvised experiment by blow- 
ing air at the container without any attempt at attaining 
uniform air flow over the whole surface. At 70W dissipa- 
tion Re ext fell to 0-086 C/W, with a container rise of only 
6° instead of 44°, a reduction of 38°-——-while internal tem 
peratures fell by 34 It was considered that this was 
sufficiently close to prove the point without fitting an outer 
skin and blowing air through the annular space, as is often 
done to ensure a uniform flow over the whole surface area, 
which is sometimes increased by providing fins in an effort 
to reduce R: ex: 

Returning to the hypothetical case of a container cooled 
to an ambient of 20°, the maximum power that could be 
dissipated by the assembly would still be restricted by the 
150° rise considered to be just safe for the upper valves 
Melting point would be reached at 150 1-23 122W, or 
49 per cent of the maximum dissipation. 

Finally, at the full dissipation of 250W there would be a 
difference of 250 1-23 308° between valves and con- 
tainer skin. If the temperature rise of the upper valves were 
to be restricted to the completely safe figure of 130° above 
20° ambient, the container would have to be cooled to 
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178 below ambient, or 158°C. A 20° rise in container 
temperature caused by decreased air flow or rise in air 
temperature would threaten the assembly with complete 
disintegration 


Disadvantages of Indirect Cooling 


From the above examples it may be concluded that in- 
direct cooling is strictly marginal. Placing the assembly in its 
container increased thermal hazards by reducing the 
permissible dissipation from 64 to 32 per cent of the available 
maximum, while forced convection with unlimited quan- 
tities of air and a container assumed to be at ambient failed 
to restore the conditions in free air, returning an optimistic 
49 per cent. This ts in sharp contrast with the very moderate 
temperatures achieved by liquid cooling in Fig. 2(c) at the 
full loading of 250W—which could have been increased by 
several times, if mechanical ingenuity had been equal to 
the task, without reaching dangerous temperatures 

Lest it be thought that a change from air to liquid 
cooling without any modification to a _ conventional 
assembly would be sufficient to achieve this desirable 
result, it must be pointed out that indirect cooling by forced 
convection, or by pumping liquid through tubes wound 
round a container, can only produce the same result—a 
container at (nearly) the coolant temperature, with the 
cooling medium having no effect at all on internal tempera- 
tures, which are determined by R¢ int. 

Irrespective of the medium used, indirect cooling has 
many disadvantages. If a reduction of Rix: is attempted 
by an increase in container emissivity, such an * improve- 
ment’ can be effective only while the container can * see’ 
the ultimate heat sink, free air. Placing it in a hot nest of 
containers at the same temperature will cancel any advan- 
tage and may, if adjacent surfaces are hotter, reverse the 
direction of heat flow and raise internal temperatures to 
levels higher than those current before the ‘improvement ’. 
Conditions such as these occur frequently in aircraft instal- 
lations and will be increasingly difficult to combat when 
aircraft exceed the speed of sound for long periods and 
attain skin temperatures above 100°C due to kinetic heat- 
ing. An equipment able to ‘see’ the hotter aircraft skin 
will become a heat sink vainly. endeavouring to cool the 
aircraft—an undertaking that could prove fatal to the 
enclosed components. 

Even at sub-sonic speeds difficulties arise in maintaining 
an adequate mass flow of air at the higher altitudes 
because air blowers are essentially constant-volume devices 
unable to supply the weight of rarefied air needed to satisfy 
thermal equations at sea level, although decrease in air 
temperature with altitude affords some compensation, but 
at sea level in tropical climates they function at full 
efficiency, belching out masses of ‘ cooling’ air at the local 
ambient, which might be as high as 50°C. 

Faced by such vagaries, the designer has to accept the 
fact that components with temperature coefficients in the 
interior will respond to changes in container temperature, 
and that he will have to de-rate his assembly to a thermal 
level such that catastrophic failure cannot be caused by 
any temperature rise of the container plus the constant 
internal rise, W.R, 


Internal Thermal Resistance 

The magnitude of the internal thermal resistance, R: int. is 
determined by the assembly geometry—a term that covers the 
component disposition and the means of heat transfer 
between individual components, and between the assembly 
and container. 

Changes in the assembly geometry will permit variation 
over quite wide limits of Ri in between any point on the 
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assembly and the container, and of the thermal resistance 
between the individual components, as exemplified by 
segregation of thé temperature-sensitive components from 
hot valves by breaking the conductive path between them, 
by shielding components from radiation transfer and locat- 
ing them at the lowest point in an internal convection 
pattern. Should it be desired to decrease the resistance to 
heat transfer from the valves to container, the opposite 
procedure would apply, with every effort being made to 
provide short conductive paths, to increase radiation 
transfer by raising the emissivity of the heat source and the 
absorptivity of interior container surfaces, and to encourage 
convection transfer from the heat source to upper surfaces 
of the container. All these expedients would have a bene- 
ficial effect in reducing thermal hazards by decreasing 
Rint, and thus the maximum interior temperature rise. 

However, with indirect cooling of the assembly subject 
to sO many imponderables, variations in container tem- 
perature would still react upon components with tempera- 
ture coefficients, with no improvement in the thermal 
stability of the equipment. 

It will be noticed that. in addition to very careful thermal 
segregation, all expedients used in the experimental 
assembly pictured in Fig. | were designed to increase 
Riin by keeping inner and outer container surfaces 
polished to reduce their absorptivity and emissivity, by 
insulating heat sources from structural members, and by 
shaping the upper assembly in such a way as to impede 
heat transfer by convection from the assembly to upper 
surfaces of the container. 


Direct Cooling With a Thermally Neutral Container 

The apparently retrograde step of deliberately increasing 
an internal resistance that has been shown to bear the 
major responsibility for thermal hazards met in indirectly 
cooled assemblies is justified by the much greater effective- 
ness of liquid cooling applied directly to the heat source. 
Without being asked to play a significant part in the process 
of heat extraction, a thermally neutral container can have 
external surfaces polished like a calorimeter to make it 
relatively immune to environmental conditions. Such a 
container could be stacked among others having similar 
properties without appreciable heat transfer between them, 
cr may be lagged to prevent heat ingress under excep- 
tionally severe conditions, such as exposure to a heated 
aircraft skin. 

Polishing the container interior maintains a high R¢ in: 
between it and the assembly, so that the container tempera- 
ture would have to be raised quite considerably before the 
inward heat flow could have any marked effect upon a 
direct cooling system with a thermal resistance as low as the 
0-148 °C/W for the upper valves and 0-02°C / W for the com- 
ponents recorded in Fig. 2(c) for the full 250W load. 
Under these conditions an electric fire two inches from the 
container surface raised the skin temperature by 23-5, while 
ihe valves and components rose by 3-5. and 2:5° respec- 
tively. This is an alternative form of the thermal attenuator 
principle mentioned earlier, with the high series arm 
formed by R; and the shunt arm maintained low by 
intimate contact with a coolant. 

Because the value of R: int is a constant set by the system 
geometry, the extent to which a thermally neutral container 
can protect an assembly from environmental conditions 
will depend upvon the design of the assembly and the 
efficiency with which heat is withdrawn by the coolant. 


Water as the Cooling Liquid 


Although not necessarily ideal under all conditions, the 
use of water as the coolant in experimental work has certain 
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advantages. It is readily available, stable, non-toxic, non- 
inflammable, and has a most suitable combination of 
physical properties, such as viscosity, density and high 
specific heat (by definition, unity). These properties make 
it valuable as a reference liquid in a cooling system 
designed to establish empirical data for use as a basis for 
judging the suitability of other coolants. 

The cooling capacity of water is given by 

Ww 0°527M . At 
where W is cooling capacity (W) 
M is mass flow (Ib/h) 
-\r is temperature rise (C) 

Because thermal conditions in the assembly must depend 
upon the coolant inlet and outlet temperatures, the As 
term is of the greatest interest and equation (5) can be re- 
written as 

At 1-89(W/M) (6) 


This relationship is plotted in Fig. 3 for a wide range of 
cooling capacities. While directly applicable to water, the 
relationship for any other coolant may be obtained by 
taking into account the specific heat of that coolant. For 
example, a coolant of specific heat 0-5 would have half the 
indicated cooling capacity, or an indicated cooling capa- 
city would rieed twice the product of Ar and M 


Cooling Efficiency 

Knowing the power supplied to the assembly and the 
rate of mass flow, the expected temperature rise, \/, of 
the coolant can be found from equation (6), or from Fig. 3 
Compared with this theoretical maximum, the temperature 
rise obtained is a measure of the efficiency of the heat 


extraction process. 
Simple as this might appear, it was found most difficult 


to put into practice, for the following reasons. At a 
maximum flow of 25 lb/h equation (6) gives the expected 
temperature rise as 18-9° at 250W input, or 13-2W/°C, 
demanding measurement to an accuracy of better than 
0-1° if the thermal content of the coolant is to be estimated 
to the nearest watt. At reduced flow the required 
accuracy is not so great, but as temperatures increase a 
gradient appears at the outlet and a true measurement of 
outlet temperature is obtainable at one point only in the 
stream. This combination of varying accuracy and elastic 
temperature gradient made the measurement of efficiency 
at different rates of flow somewhat erratic. 

Fortunately, it was possible to overcome this difficulty 
temperature rise as a measure of 
residual wattage, which could either be calculated from 
equation (3), or read off the container calibration curve 
in Fig. 2(b). Subtracting residual wattage that had to be 
dissipated by the container from total input wattage to 
the assembly gave the wattage extracted by the coolant, 
and hence the extraction efficiency. Measuring efficiency 
in terms of residual wattage had the added advantage of 
drawing attention to the benefits conferred by a thermally 
neutral container, it being obvious that the smaller the 
part played by the container, the higher the extraction 
efficiency. 


by using container 


Control of Heat Transfer 

Whereas an indirectly cooled system requires all the heat 
to be transferred from the assembly to the container before 
being dissipated from external surfaces, an assembly with 
an integral cooling system has most of the heat extracted 
by the mass flow of the coolant, with the container called 
upon to dissipate only the residual wattage. The effective- 
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ness of this process can, and should, be controlled by the 
designer, whose purpose it must be to so construct the 
assembly that residual wattage is minimized by encourag- 
ing heat flow into the coolant, thus attaining a high 
extraction efficiency and a reasonably close approach to 
the concept of a thermally neutral container. 

Presented with a choice of alternative heat transfer paths 

from assembly to coolant, or to container—the object 
should be to manipulate heat flow by reducing the thermal 
resistance between heat source and coolant and increasing 
R:in:. the thermal resistance between heat source and con 
tainer, the two lines of attack being complementary. For 
optimum results it is necessary to control all three forms 
of heat transfer, by conduction, convection and radiation 
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Fig. 3. Cooling capacity of water 


Having exercised such control in the experimental 
assembly, it forms an excellent example of how to achieve 
cent etliciency at a mass flow of 25lb/h of water 

Dealing first with conduction, both inlet and outlet 
tubes were insulated from the front panel to prevent a 
surface with high conductivity ‘short-circuiting’ the coolant 
temperature rise, which determines its thermal content. The 
conductive path formed by copper tubing in the interior 
was broken for the same reason, and to improve thermal 
segregation between hot valves and temperature-sensitive 
components. Because the structural members, front panel, 
and container were all in good thermal contact, the cold 
plate and hot upper assembly were both insulated from the 
Structural which only the sub-unit chassis 
(with the valves insulated) were attached. With the con- 
ductive path to the container broken, steps were taken 
to encourage heat flow into the coolant by providing the 
most intimate contact between the split brass tubes holding 
the valves and the copper tubes containing the coolant. It 
was found that indifferent contact could result in gradients 
is high as 70°, which were to the 13 
final assembly by soldering the valveholders to 
copper supporting plates, to the outer faces of which the 


tubes were also soldered. 
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shape of the upper assembly, made to act as a * convection 
catcher” by conveying intercepted heat into the cooling 
tubes attached to the roof. An early assembly with a 
detachable roof proved the principle by an increase of 
some 8W of residual heat without a ‘convection catcher’ 

Radiation transfer was minimized by reducing both the 

‘absorptivity of the container interior and the emissivity of 
the assembly surfaces, with great care taken to ensure 
that heat sources could not ‘see’ the container interior. 
Ten vitreous resistors used as cathode loads for the ten 
upper valves were located inside the roof to prevent 
radiation (and convection) transfer to the container, which 
amounted to an additional 10W with these resistors 
mounted above, and parallel to, the upper structural 
members. Heating of the component compartment by 
radiation from the lower valves was prevented by the 
screening action of the inverted V lower structural mem- 
ber, removal of which nearly doubled component tempera- 
ture rise, 

By expedients such as these an initial extraction efficiency 
of 75 per cent was worked up through a series of experi- 
mental assemblies to a peak of 95 per cent or, in terms 
of residual wattage, the initia) 62-5SW were reduced to 
12-5W. In general, the objective was intimate contact 
between coolant and heat source, with escaping heat inter- 
cepted by a surface, preferably cooled, to prevent it 
reaching the container. 

It is interesting to note that the 1-23°C/W achieved in 
the final assembly compares with an Ry int Of about 0-8 in 
more conventional layouts, so that while a conventional 
assembly might have just escaped catastrophic failure at 
250W load without a container, under the conditions of 
Fig. 2(b) it would have melted at about 110W. Another 
interesting point is that with a coolant inlet temperature 
the same as ambient, as was the case in the recorded 
experiments, it is impossible to withdraw all the heat in 
the container because in order to absorb power the coolant 
temperature must rise—in this case by 18-9° at maximum 
flow—with the mean temperature rise of the assembly 
providing the motive force for some heat transfer across 
Rrin. A condition of balance, without heat transfer to the 
container, could be established with a coolant temperature 
below ambient and a mass flow rate such that Ar just 
brought the mean internal temperature up to ambient, 
allowing the container to remain truly neutral. 

From this it follows that extraction efficiency depends 
upon coolant inlet temperature as well as its rise in tem- 
perature, which is determined by its specific heat and rate 
of mass flow. 


Effect of Varying Mass Flow 

Changes in extraction efficiency and internal tempera- 
tures with varying rates of mass flow are shown in Fig. 4. 
As mass flow decreases the coolant temperature rise 
increases in accordance with equation (6) and the higher 
mean temperature of the assembly permits a larger pro- 
portion of the 250W to escape across the constant R¢ int 
to the container, with a consequent drop in extraction 
efficiency. 

Ihe wisdom of insulating the coolant inlet tube from 
the front panel is shown by the very small change in cold 
plate and component temperatures, which are seen to be 
lower than those of the container and sub-unit chassis, 
representative of the structure temperature. Thanks to this 
insulation, and to the effective thermal segregation, it can 
be stated that component temperatures depended almost 
entirely upon coolant inlet temperature, being only slightly 
effected by changes in the rate of mass flow. 
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On the other hand, while heat source temperatures will 
rise and fall linearly with coolant inlet temperature, they 
react to changing flow in a manner that must satisfy 
equation (6), rising more and more steeply with decreasing 
flow until the coolant boils at the hottest portion of the 
assembly, which remains at a constant temperature (in this 
case 100°C). It might be thought that invoking the latent 
heat of the coolant would increase extraction efficiency, as 
in an evaporative cooling system, but the only effect is 
to establish a maximum temperature rise in the region 
where boiling takes place, with further reductions in flow 
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Fig. 4. 


Temperature mass flow curves for assembly at maximum loading 
of 250W 


increasing the area of this region and the mean tempera- 
ture of the assembly, causing extraction efficiency to 
diminish. 

The latent heat of vaporization being 284W-h/Ib for 
water, the experimental assembly would have boiled dry 
below a flow of Ilb/h, experiencing a catastrophic failure 
that was carefully guarded against during the course of 
experiments. 


Practical Applications 

Having shown that internal temperatures depend upon 
coolant inlet temperature and rate of mass flow, it becomes 
possible to establish constant operating conditions within 
an assembly by controlling both these quantities, with a 
thermally neutral container protecting the interior from 
environmental changes. 
carry only a limited 


Mobile apparatus can usually 
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supply of coolant, thus restricting its operational time. 
For example, a tank containing 25Ilb of water at 20°C 
would maintain the terminal conditions in Fig. 4 for an 
hour if allowed to run to waste through the experimental 
assembly at 25lb/h or, by halving this rate of flow, the 
conditions appropriate to 12:5 Ib/h could be maintained 
for two hours, and so on. 


If coolant waste is not permissible, a closed-circuit pump- 
driven circulatory system could be used, with the inlet 
taken from the bottom of a 2-5 gallon storage tank with 
a large vertical dimension, and the outlet pumped to the 
top. The low conductivity of water would ensure a 
constant inlet temperature for an hour at 25lb/h, followed 
by a rise of d8-9 x 0-95 17:9°C. At half this flow con- 
ditions appropriate to 12-5ib/h could be maintained for 
two hours, followed by a rise in inlet temperature of 
37°8 x 0-935 = 35°C. By using a mixture of about 5lb of 
water with added anti-freeze and 20lb of ice, the latent 
heat of fusion of ice (42-2W-h/Ib) would increase the 
coolant storage capacity by 844W-h, maintain inlet tem- 
perature at nearly O0°C, and improve extraction efficiency. 

When a storage system proves inadequate for equipment 
that has to operate continuously, or even intermittently, 
for long periods, the logical step is to use a smaller quan- 
tity of the coolant purely as a transfer agent between the 
assembly in its non-dissipating container and a_heat- 
exchanger rejecting the extracted heat into the atmosphere; 
the ultimate * heat sink * of infinite capacity. In an aircraft, 
for instance, the heat-exchanger could be located in the 
fuel feed to the engines, with the transferred heat adding 
calorific value to the fuel immediately before being dissi- 
pated by combustion in the engines, thus obviating any 
storage problems. 


The return line from the heat-exchanger would form a 
common inlet to all the electronic equipment on board, 
with an inlet temperature dependent upon the rate of fuel 
flow and storage temperature in the fuel tanks. Since both 
these are variable, the inlet line could be refrigerated to 
a desired temperature maintained by thermostatic control. 
All the equipment would thus have a common inlet tem- 
perature, but the rate of flow through each could be 
adjusted to meet individual requirements by providing 
assemblies with their own small pumps controlled by the 
temperature rise at some convenient point within the con- 
tainer. As heat extraction depends upon rate of mass flow, 
and not on the total quantity of coolant, the latter can be 
very small in circulatory systems rejecting the extracted 
heat through a heat-exchanger. 


Choice of Coolant 

One of the disadvantages of using water as a heat 
transfer agent in circulatory systems is that a rise in tem- 
perature causes the air and carbon dioxide dissolved in 
the water to separate out, at the rate of about 0-8in’/Ib, 
forming compressible pockets that might inhibit circula- 
tion. Boiling in any portion of the assembly is an extreme 
case and should be avoided at all costs. 


Water is by no means an impossible transfer agent for 
use in closed-circuit circulatory systems if the necessary 
care is taken to avoid freezing, boiling, and the formation 
of air pockets, although a substance with a wider tem- 
perature range will give greater latitude to the designer. 
I¢ should have a high specific heat and density; be non- 
toxic and non-corrosive, and should not liberate dissolved 
gases. 

The use of air as a transfer agent is made difficult by 
its low (0-24) specific heat and its very low density. To 
obtain results equal to those given by a flow of 25lb/h of 
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water the equivalent mass flow of air would be 25/0-24 

104lb/h which, at a density of 0-0764lb/ft*, is 1 360ft’, h. 
For such a volume of air to pass through the small-bore 
tubes in the experimental assembly, with a cross-sectional 
area of only -00035ft*, it would have to be forced through 
al a supersonic velocity of 3900 000ft/h, or 738mile/h. 
The nearest approach made experimentally was the attach- 
ment of a compressed air line at a pressure of 60lb/in’, 
which had a cooling effect equivalent to about 15lb/h of 
water, but the noise and vibration introduced by high- 
velocity air flow in the tubes could make its use impossible 
with microphonic equipment. In contrast, a flow of 
25lb/h of water was maintained with a pressure drop 
across the assembly of only 0-6in of water, or 0-02Ib/in 


The choice of coolant must therefore take into account 
the product of specific heat and density which, in the 
extreme cases above, is 0:24 x 0-0764 for air and | 62°4 
for water: a ratio of 1:3400. Since the cooling capacity 
is determined by mass flow, a low-density coolant will 
require to be pumped through the cooling tubes at greater 
velocity, with the pumping power increasing as the square 


of velocity, unless the resistance to flow is reduced by 


providing ducts of larger cross-sectional area at the ex- 


pense of component space within an assembly 


Heat Transfer Materials 

Materials are currently available in which an integral 
duct pattern can be formed by roll-welding together two 
thicknesses of aluminium. This material was developed 
for refrigeration work and should prove useful for liquid 
cooling of electronic equipments 

The copper tubing in the experimental assembly simu 
lated a material of this type, with the added advantage 
of a greater ease of manipulation in the early stages of 
evaluating the potentialities of liquid cooling 


Conclusions 


Liquid cooling of miniaturized equipment is shown to 
be so effective that perfectly ordinary components may be 
used in very compact pressurized assemblies with 
thermal hazard than encountered by the same assemblies 
in free air. More adaptable and less marginal than the 
usual indirect cooling methods, which tend to ignore dis- 
parities in component temperature categories, liquid cool- 
ing encourages the designer to introduce spatial segregation 
in the knowledge that it can be augmented by sequential 
cooling of the zones so created. 


less 


Weight and volume penalties of integral heat-exchangers 
can be small for high-density coolants, and heat 
extraction efficiency can be made very high by logical 
expedients shown to be under the control of the assembly 
designer. The more these powers of control are applied, 
the closer the approach to a thermally neutral container 
interior from changes in environmental 


very 


protecting the 
conditions 

Thermostatic temperature control of coolant inlet sup- 
plies to an entire equipment, with automatic flow rate 
adjustment for individual assemblies, will improve the 
stability of the equipment by establishing constant low- 
temperature conditions in the interior unaffected by 
changes in external temperatures or pressures 

Liquid cooling is particularly applicable to high-power 
transistors requiring a low thermal resistance to a cooling 
source at maximum dissipation 


REFERENCE 


Heat Control in Electronic Equipment. Electronic Ene 


(1957) 


1. Suaw, E. N 
13,65 & 115 


ELECTRONIC ENGINEERING 





A High Speed Rotary Switch 
and some Applications 


The general requirements of high spee 


owenberg*, A.M.1.E.E 


»d switches are discussed with particular reference to their 


applications in information sampling systems. 


Details of a new high speed rotary 


HE most obvious way of connecting a circuit tempo- 
% rarily to another is by means of a switch, and if say, 
the circuit is to be connected in turn to several others, 
then the natural development is the rotary stud switch. 
Manual operation is preferably replaced by automatic 
selection, and here again the simplest step is to motorize 
the rotating pick-off arm. 

The uses of rotating or sampling switches are numerous 
and some typical applications are given. References for 
further reading are given at the end of the article. 

For sampling and metering applications it is tmportant 
that the ‘ on-off’ ratio is as high as possible, since the * on’ 
time determines the information period. The sampling speed 
is directly controlled by the maximum frequency of the 
sampled phenomena, since in order to reconstruct a con- 
tinuous sine wave it is theoretically necessary to obtain a 
minimum of just over two samples per cycle. With dis- 
continuous phenomena and complex waveforms, however, 
ten samples are desirable for the reproduction of higher 
harmonics. 

It is in this that electronic switches will 
heavily! since the gating of information presents little 
difficulty at say 500kc/s. To counter this advantage, the 
complexity of a purely electronic type is great when com- 
pared with its mechanical counterpart, thus in 
applications where space is important this consideration 
would decide against its use. Many electronic switches have 
been described in the literature and those which use elec- 
tronic valves, Dekatrons, rotating beam tubes and photo- 
electric devices have regretfully this disadvantage of high 
bulk and possible limitations to a specific type of input 
impedance. 


respect score 


some 


A recent device*, which has been proved very effective 


* Vactric (Control Equipment) Ltd 
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switch are given and typical applications are described. 


impinges a rotating jet of mercury on to stationary pins, 
and another which is electromagnetic in principle, utilizes 
a permanent magnet rotor to sequentially close a ring of 
hermetically sealed contacts. 


Mechanical Switches 

The simplest unit, which has the merit of minimum size 
and least complexity is the purely mechanical switch. This 
type which has now gone through several stages of evolu- 
tion originated as the rotary stud switch. The defects of 
this design are in the province of the metallurgist who had 
firstly to find contacts which have good wearing qualities at 
high surface speeds, and secondly. to provide the rubbing 
surfaces with as good a finish as possible. It has therefore 
undergone fluctuations of favour with each new develop- 
ment of materials and disuse as the demands for higher 
switching speeds were increased. One such switch*, used for 
airborne telemetry, permitted rotations of 5 rev/sec, but a 
new development which will be described permits rotational 
speeds of up to 200 rev/min. 


NoIsI 

One requirement of any system of information trans- 
mission is to keep the signal-to-noise ratio as high as 
possible The noise produced by mechanical devices is 
largely dependent on the voltage and current passed and 
also bears a relation to the sliding surface speed as shown 
in Fig. 1. Fluctuating contact resistance due to oxides on 
the rubbing surfaces must be avoided by the choice of 
noble metals, and abrasive dust must at all cost be pre- 
vented from falling on to the surface. 

Generated thermal e.m.f. caused by local heating between 
wiper and surface and partial or complete discontinuities 
The ahove ex Vactric high peed rotar itch unit 


ilustration shows a comp 
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causing changes in circuit resistance, can be reduced by 
putting a number of wiper blades in parallel 


LIFE 

Rotational speed is probably the most important factor in 
determining the life of mechanical switches’, with the 
destruction of rubbing surfaces by arcing following a close 
second. Therefore sveeds compared with electronic devices 
are relatively low, and switching capacity is usually limited 
to a few volts and milliamperes. 

Many variations of the basic design have been devised 
in order to reduce wear compatible with the life and noise 
level required, it appearing important to reduce the 
diameter of the unit to as small as is feasible so that 
surface speeds can be low. Immersion in oil does help, 
but adds the problem of providing an oil tight seal on the 
motor shaft. 

Since irregularities in the stationary surface will create 
brush bounce, several methods have been tried which have 
as their basis contacts embedded in an insulating material 
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Fig. 1. Noise produced by mechanical devices 
Insulation and contact are machined to a fine surface finish, 
the reliability of the switch then depending on the adhesion 
between the two, distortion due to temperature and the 
stability of the materials. For this type of unit, typical 
figures are a life of 30 hours at 6000 rev/min and Im\V 
noise level with frequent cleaning. 
A new type of mechanical switch will now be described 
which has all the advantages of its type plus a considerably 
extended life, giving low noise levels at high rotational 


speeds. 


A New Type of High Speed Rotary Switch 

The switch is based on a commutator made with printed 
circuit techniques. As distinct from the normal type of 
conductor which its left on the surface of the insulating 
card, the switch conductor 1s pressed into the insulation 
until the surface is flush. Since copper is poor as a sliding 
contact, the metallic surface of the switch is 
plated with about -00006in of rhodium before flush bonding 


electrical 


Alloys of gold, silver and platinum are used for brushes 
which are mounted on an insulating block forming the 
rotor. The brushes form the conducting path from outer 
segment to inner collector ring, and according to the 
present design there can be 24 or 48 segments equi-spaced 
on a track of Melamine or resin-bonded glass fibre. This 
arrangement makes a very compact unit, a track and wiper 
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thick 

A complex unit is shown on page 524. This has three 
high speed switches and three low speed switches driven 
Via a precision gearbox, and is 6in long 


being contained in a disk I4in diameter and 4in 


In applications where r.f. is to be switched, intersegment 
capacitance is important. In this design the capacitance 1s 
between segments -0015in thick lying in the same plane and 
is negligible compared with the capacitance of the lead-out 
wires 
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3. Waveform shaping 


Connexion with the segments is made by flexible leads 
which can be screened if necessary, and electrical contact 
with the segment is made by a small rivet into which the 
lead end is soldered. A circular clamp ring secures the 
wires away from the soldered joint, thus minimizing break 


ages when vibration is present 


Applications 
TELEMETRY 


radio 


[he requirement for greater economy in the use of 


telephony channels has resulted in a wide choice of time 


division multiplexing systems 
i.e., pulse amplitude, pulse coded, pulse length, pulse pos 


tion etc., the 


Whichever system is used 


sampling switch is an essential componen 


Fig gives the basic block diagram for the transmissio 
and reception of time sampled signals, and shows how a 
speed will not sample a rapidly changing input 
nd the necessity of as wide a sampling time as the other 


switched channels will allow 


low switc! 
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WAVEFORM SHAPING 


A convenient and versatile method of producing recur- 
rent waveforms is by sampling voltages along a potentio- 
meter chain. The potential tappings are arranged according 
to the required law and are connected as in Fig. 3 


THERMOCOUPLE SAMPLING 


Fig. 4 shows a simple block diagram of a sampled 
thermocouple metering system. As mentioned previously, the 
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Fig. 4. High speed sampling of thermocouple voltages 
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Fig. 5. Synchronous monitoring 
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Fig. 6. Simple input chopping circuit 


sampling speed is related to the maximum frequency of 
the signal, so that in this application thermocouple time 
constants are a determining factor. 

A synchronous monitor is another variation of a remote 
telemetering system, and requires two synchronized rotary 
switches as shown in Fig. 5. The indicator should have a 
fast rise-time and a slow decay time in order to respond 
rapidly to the applied signal and to maintain its reading 
during the ‘ off’ period. 


D.C. AMPLIFIERS AND STABILIZATION” 

In most amplifier applications, the widest frequency 
range possible is a very desirable feature, but in analogue 
computers amplification of signals of zero frequency 
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Fig. 7. Phase conscious synchronous chopping circuit 
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Fig. 9. (a) Conventional servo multiplier ; (b) Servo multiplier using 


3 high speed rotary switches 


becomes imperative. The simple directly coupled amplifier 
suffers from drift, that is with the input shorted, the output 
is not zero. In order to overcome this defect, the incoming 
d.c. can be modulated or chopped into a square wave 
which is then amplified in an a.c. coupled amplifier and 
reconverted to d.c. by rectification. This method is shown 
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in Fig. 6, and an alternative which provides synchronous 
rectiication is shown in Fig. 7. The disadvantage of these 
methods is the inability to amplify signals much more 
than 1/10 of the modulation frequency and in the figure 
shown, this would be about 240c/s with a 48-way switch 
running at 6 000 rev/min. 

The remedy lies in a solution shown in Fig. 8. The input 
circuit directs the input voltage to the differential ampli- 
fier if it has a frequency 10c/s to 10kc/s, and to the pulse 





ABRIDGED SPECIFICATION 
Up to 12 each end. 
24 or 48. 
Single pole per switch, make-break or 
break-make. 
24-way—10 : 1, 48-way—S5: I. 
Up to 12000 rev/min, set as required 
10%. 
10 minutes of arc. 


No. of switches 
No. of ways 
No. of poles 


On-off ratio 
Scanning speed 


Timing accuracy 
Ganging accuracy 
Contact resistance 
Thermal contact 
potential .. 0-9» 10°V (ambient). 
1-7 x 10°°V (85°C). 


0-22 (static), 1-522 (running). 


Intersegment re- 
sistance . 

Collector to seg- 
ment resistance 

Segment to collector } (a) with 4in co-axial lead 2 

and segment-seg- >(4) with 12in p.t.f.e. leads 
ment capacitance 1-S*« 10°F, 

Noise 100uV r.m.s. maximum for full-life of 
switch at I-SmV signal level when 
feeding into 1k. 

Over 200 hours at 6000 rev/min. The 
life of the switch is considerably 
extended at lower speeds and when 
greater noise levels can be tolerated. 

Dependent on motor, but for design as 
illustrated, about 4W. 

To customer’s requirements internally 
flyleads externally. 

6V to 24V for d.c. motors. 
6V to 115V for 400c/s and 50c/s a.c. 
motors 

As required. 


5 000 » 10°22. 


5 000 « 10°22. 
10-“F, 


Life 


Power consumption 
Wiring 


Voltage 


Mounting .. 











A New Automatic Test Equipment 


The electronics division of The General Electric Co. Ltd. 
has recently developed an automatic test equipment for the 
high speed measurement of some 300 inter-unit electrical signals 
and conditions in complex assemblies of electronic apparatus. 
While at present in use with radar installations this equipment 
is equally applicable to the testing of any type of complicated 
network where a large number of static or dynamic signals 
need checking regularly 

Automatic test equipment suitable for military use was first 
developed by G.E.C. to accompany a large complex airborne 
radar system. The operational requirement specified that the 
Service test equipment for this radar should be of the *Go 
No Go’ type, permitting : 


(1) The accurate measurement of the complete performance 
of the radar to determine whether it is within acceptable 
tolerances in all important respects. 


(2) The unambiguous 
assemblies) so that 


units (or 
replaced 


location of faulty major 
these may be immediately 


(3) Operation by relatively unskilled personnel. 


To meet the first and second of the above requirements, a 
large number of different conventional test sets would have 
been required: In addition, several specially designed test sets 
would have been needed to combine adequate accuracy with 
the necessary robustness for airfield and aircraft carrier use. 

The successful use of all these test sets would have neces- 
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amplifier if it has a frequency of 0 to 10c/s. Since the 
amplifiers are connected in cascade, the low frequency. gain 
is the product of both gains, whereas the high frequency 
gain is only that due to the differential amplifier. In this 
way, the freedom from drift of a chopper amplifier is 
combined with the high frequency performance of a direct- 
coupled differential amplifier giving a frequency response 
of zero to 10kc/s. 


SERVO MULTIPLIER 

The basic servo multiplier, Fig. 9, using a follow-up and 
multiplying potentiometer can be improved by use of a 
rotary switch 

The two potentiometers which would have to be matched 
are now replaced by one which is shared on a time basis 
Low-pass networks which have a long time-constant com 
pared with the switching speed are added in order to 
smooth the input signal to the amplifier and to filter the 
Output signal 
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sitated the employment of skilled technicians, and even so 
considerable time would have been needed to test each radar 

It was therefore decided to employ an automatic test equip 
ment, programmed to measure sequentially some 300 inter-unit 
electrical signals and supplies in the radar under controlled 
conditions. By using uniselector techniques it is possible to do 
this within a few minutes, and individual pre-set rejection toler 
ances are incorporated. Each measurement is individually timed 
For example, d.c. voltages are measured at the rate of four per 
second to an accuracy of 0-2 per cent with minimum rejection 
limits of +1 per cent. The test set stops when a fault is en 
countered. Normal homing and reset facilities are provided 

Some of the tests are of a static nature, but many are 
dynamic, involving the injection of test signals and measure- 
ment of the results. In certain cases secondary tests are auto 
matically made only where primary tests indicate a fault 
condition 

A fault pattern display is at present incorporated, but print 
out facilities could Fe added 

Automatic testing of a limited nature has been used for pro- 
duction purposes for many years, but it has generally been con- 
ined to a few simple types of measurement of relatively low 
accuracy such as resistance, voltage, capacitance 

The present equipment may be adapted for the application of 
rapid high-accuracy measurements to any complex equipment 
where a large number of signals (static or dynamic) need test- 
ing regularly. These signals may be of a complex nature, and 
adverse environmental conditions may prevail. The test equip 
ment has also been designed as a transfer standard of good re- 
liability and high stability (e.g. 200 hours without re-alignment) 
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recision Strain Gauge 


echniques 


By A. Tiffany*, B.Sc., A.M.L.E.E., 
and J. Wood* 


New methods of data handling have necessitated a re-appraisal of fundamental measure 


ments. Here the strain gauge 


techniques evolved for use with automatic digital equipment 


are reviewed. While far from an exact science the procedures yield precisions matching the 


performance of present day recording instruments. 


Imminent developments such as the 


fast digital voltmeter will demand further advances. 


ESISTANCE strain gauges have long been accepted as 

a simple and reliable method for the measurement of 
Static or dynamic stresses in structural work where, 
generally speaking, large numbers of observations are 
required but moderate accuracies suflice: measurements to 
| or 2 per cent of full scale are readily achieved by familiar 
techniques' and the principal problem is the expeditious 
handling of the large quantities of data and their subsequent 
analysis. 

Outside somewhat specialist fields of application such as 
transducer design, load cells and wind tunnel balances it is 
not generally recognized that the resistance wire strain 
gauge can be made to yield precisions approaching 0-1 per 
cent of full scale when applied to essentially structural 
problems. It should be understood from the outset that this 
performance is achieved only with that can be 
calibrated before use as metric elements to the required 
accuracy, e.g. by dead weight loading: the so called * gauge 
factor’ or absolute strain sensitivity is not relied upon for 
calibration. It is not, however, necessary to continue cali- 
bration loading to full working value if sufficient attention 
Is given to the design of the associated measuring instru- 
ments. Moreover, the overall calibration which, of course, 
includes the effective gauge factor together with the secon- 
dary factors of gauge misplacements. adhesion, 
concentrations and the like may be relied upon for several 
months so that precise comparisons are possible even when 
absolute calibration is impracticable. 


systems 


stress 


In what follows the experience over the last three years 
with one particular type of Bakelite bonded gauge of 
American origin (the SR4 series of the Baldwin Lima 
Hamilton Corporation) is outlined. The authors are not 
aware of any other currently available commercial gauge 
capable of similar precisions in these applications, but it is 
only fair to add that no other gauge has been subjected 
to such thorough scrutiny as yet. A very great deal of 
development has been done both by manufacturers and 
users Over several years*’ aimed at the production of gauges 


* Aircraft Research Association Ltd 
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of less intractable properties than the familiar kinds. It is 
hoped that this short account of the encouraging results 
obtained by one user may encourage exploitation of the 
enhanced precisions in other fields of application 


Factors Affecting Precision 
When accuracies of the order of 0-1 per cent are to be 
attempted two separate sets of problems arise; those asso- 
ciated with the gauge bridge itself which are largely mani- 
fest on slight reflection and whose solutions are largely 
matters of technique, skill and patience—in short the art 
of ‘ gauging-up*. Closely interwoven are the requirements 
placed upon the measuring equipment with which observa- 
tions are to be made and which can be satisfied if adequate 
attention is paid to seemingly unimportant approximations 
normally accepted in strain gauge measurements, i.e. to the 
science of bridge measurements. 
Briefly stated the main problems of the gauge bridge are 
(a) Selection of gauge sets of reasonable resistive match- 
ing in the unstrained condition: and coupled with it 
the ageing of gauges prior to selection. 
Selection of gauge sets from the first selections having 
adequately matched thermal behaviour with varying 
ambient temperature: the compensation of thermal 
mismatch and the permanence of such compensations, 
The mechanical design of the metric elements them- 
selves to give reasonable thermal ‘symmetry’ so 
avoiding thermal distortions, while yielding suitably 
large stress signals. 
The principal problems of the measuring system are 
scale linearity 
instrumentation is 


achievement of adequate 
where automatic 


(a) The 
particularly 
concerned. 
Effects cf gauge 
strained condition 
instrument. 


unbalance in the un- 
calibration of the 


resistance 
upon the 


Th above illustration shows a six component strain gauge 
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(c) Difficulties inherent in the determination of the 
calibration of a measuring channel to the required 
accuracy and adjustment of it to predetermined 
values. 


The following sections deal with these problems in turn 
and indicate the solutions successfully adopted and operated 
over the last two years at a major wind tunnel facility. 


A Typical Application—the Wind Tunnel Balance 

As an illustration of the structural and thermal considera- 
tions relevant to the design of strain gauged metric 
elements the wind tunnel balance will repay some study 
‘Balances’ of this sort are commonly used to determine 
the resolved forces and moments acting at the centre of 
gravity of a wind tunnel model restrained thereby, but the 


UPSTREAM lo: 


OOM 


MODEL MOUNTING SURFACE! 


SECTION AA 


Fig. |. A six component 


various kinds of * weigh- 
beam’ techniques, e.g or hook 


minations, wagon tare measurements and hopper charge 


approach is clearly suited to 


crane gantry load deter- 


and mix control 
common use tor 
The design 


\ six component internal balance in 
mounting within a model ts illustrated in Fig. 1. 
of such a balance is aimed at producing reactions in the 


various members that separately restrain motion in the 


six degrees of freedom available to the model considered 


as a rigid body, so producing distinctive stressings propor 


force and moment loadings at 


Modern aerodynamic shapes 


tional to the individual 

specified * gauge stations’ 
with slender wings and waisted fuselages present difficulties 
in obtaining sufficient compression of the outside dimen 
sions of the balance while retaining adequate separation 
of the individual stress responses. Moreover if highly linear 
and precise responses are required the normal forms ot} 
bolting and 

machined 


engineering joints become impermissible, e.g 
or dowelling. As far as possible balances are 
rom the solid. In one particularly difficult instance a joint 
in shear was only made to exhibit zero hysteresis by seam 
welding the outer edges 

The type of balance shown, generically Known as a cage 
balance, may be into three mechanical 
systems which with the appropriate 
constitute three types of metric element, though by no 
satisfactory types. Engineers bending 


resolved basic 


considered gauges 


means the only 
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theory has been found adequate to study the stressing of 
such elements and their synthesis 

(a) Beam in contraflexure, Fig 
lift force and side force by means of gauges placed at roots 
of the central built in beam. The section moduli are propor- 
tioned to accommodate the relative full size forces sxpected 

Table |: lift force is always much the greatest loading 
in normal models so that the central beam is relatively 
The strain gauges are wired into a four-active-arm 


2(a), is used to measure 


deep. 
additive bridge as indicated in the figure 

(b) Fig. 2(b) shows how a pair 
section is employed to measure moments. Two such pairs 
in the vertical (pitching moment) and horizontal (yawing 
will be that the 


pure 


of beams of smaller 


moment) planes are employed. It seen 


uniform stresses produced in these members by 


pPmr 
peat 


STING 
MOUNTING 


CROSS- SECTION 
OF 5 BAR CAGE 


SECTION 8B 
internal balance 
th 


le presence ol vertical and 


the central 


moments must be altered in 


lateral loads: the relatively large modulus of 
beam reduces the effect of such interfering loads and the 
careful positioning of the gauges at the midspan of the 
at the points of contraflexure of the 


moment beams, Le 


beams if deflected by forces in the co-ordinate directions 


should ideally eliminate all response to such forces 

(c) Axial force (drag) is measured by means of a tension- 
the sort illustrated in Fig. 2(c). The 
upper and the connected by 
vertical webs very rigid in all directions except the longi 
tudinal. The strips themselves are placed in the line of 


action of the net axial force to minimize responses to other 


compression strip ol 


lower parts of device are 


loadings 

I ig 2(d) 
(torsional) loads utilizing the roots of the pitching-mom 
The relative strength of the central beam and 


idicates the method of detecting rolling momen 


bars 


TABLE 1 


Typical Loading of a Model in a Large Transonic Wind Tunnel 





COMPONENT LOAD STRESS SIGNAI 


(Ib or Ib-in) (Ib in’) 
18 200 
§ 270 
10 800 
12 460 
14 400 


9 330 


Normal force 2 440 Ib 
Side force 610 
Axial force 300... 
Pitching moment 10 090 Ib-in 
Rolling moment 2 940 
Yawing moment 4 000 
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sense of wiring of the strain gauges make the configuration 
insensitive to both yawing and lateral loadings. Table 2 
indicates some of the interaction factors obtained with 
such a design. 


Gauging-Up 

Of the three phases in the production of the gauged-up 
metric element, viz preselection of the gauge sets, the 
adhesion to the gauge station and the subsequent treatment 


GROUND 


ADDITIVE 
WIRING 








ADDITIVE 
WIRING 


JN 


ay Ng 

a: 

Na Pe 
es 


ADDITIVE 
WIRING 


The basic mechanical systems used in the 5 bar cage 
(a) Normal force and side force 
(b) Pitching moment and yawning moment 
(c) Axial force 


(d) Rolling moment 


TABLE 2 
Interference Factor Matrix (Percentage Response) 


N.F. P.M. A.F. R.M. S.F. Y.M. 





>.N 


100 0-3 


. 0-65 
, 0°67 100 


12:7 


F 0-48 0-4 
0:34 0-15 
F, 0-0 0-22 100 0-1 0-0 
.M. 1-74 0-15 0-98 100 0-1 1-65 
S.F, 2°63 1-58 2-23 1-25 100 0-73 
.M. 0-54 0-05 1-03 1:26 0-0 100 


0-16 
0-78 
0-216 
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of the complete bridge the first is by far the most far 
reaching in its effects upon the final performance. 


Selection of the Gauge Sets 
AGEING 

The selection process proper is preceded by an ageing 
process which is effective in stabilizing both absolute 
resistance and temperature coefficient of resistance of the 
gauges as received. The gauges are taken through about 
six heating and cooling cycles from room temperature to 
150°C while laid loosely in an open tray in a laboratory 
oven. Resistance changes during the process may be of 
the order of 0-202 and the temperature coefficient of 
resistance decreases during successive cycles approaching 
a steady value. The gauges usually employed are 
designated types AB7 and ABI1 by the makers: both 
comprise a ‘OOlin diameter gauge wire formed into a grid 
and bonded in a Bakelite matrix, Fig. 3 and Table 3. The 


ABil 
- Sain = 


AB7 
—-— —-— Shin on 
—_— a — j] a = 
| is 2 ———4+ 
n } ig in 64in a ————— 
eee r — Y 


al 1 








~ 'l4in ~ ‘sin~ 


Fig. 3. The AB7 and ABII strain gauges 

temperature coefficient of resistance is very low—about one- 
fifth of that for copper but is very sensitive to the tempera- 
ture and work history of the gauge wire and may even vary 
in sign over the working range of temperature (30 C rise 
from room ambient). Hence the temperature coefficient 
is never determined exactly but matched under similar 


conditions against those of other gauges as is discussed 
below. 


RESISTANCE MATCHING 

The attainment of reasonable temperature compensation 
makes at least approximate matching of the absolute 
resistances of the gauges constituting a single bridge a 
prerequisite. Moreover, as will be shown in the sections 
concerned with instrument techniques, undue disparity of 
the resistance of gauges within a bridge can lead to serious 
errors of calibration. Hence a first selection of gauges into 
groups having ohmic values within 0-1{2 of one another 
is made. In practice the aged gauges are often sorted into 
‘families’ whose resistance values are within 0-01{) and 
put into stock so grouped: it is found that the individual 
resistances of such a group drift randomly within a band 
0-192 wide with time but after several months the families 
may be relied upon to yield sets matched to 0-1{) without 
further checking. 
TEMPERATURE COEFFICIENT MATCHING 

The total thermal effect upon resistance of a gauge must 
be of the form 

AR/R=[A + K(C 7 


TABLE 3 





RESISTANCE GAUGE FACTOR 


GAUGE 


NOMIN/¢ 
meses OMINAL 


(Ohms) 


SPREAD 
(Ohms) 


TOLERANCE 
(Ohms) 


NOMINAI TOLERANCE 


ABII 120 1-5 0-5 1-9 
AB7 120 s 0:5 2-0 











Note:—The Resistance Spread defines the limits between which the nominal 
resistance may lie, as supplied by the manufacturers The Resistance 
Tolerance refers to the limits inside which will lie the one particular 
nominal resistance as quoted on an individual packet 


value of 
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where \R/R is the fractional resistance change of the gauge 

for a temperature rise T 

A is the thermal resistance coefficient of the gauge 
wire. 

Cs, C. are the coefficients of linear expansion of the 
gauged surface and of the gauge respectively. 

K is the gauge factor, i.e. the fractional resistance 
Strain per unit fractional mechanical strain. 

Thus K = (dR/R)/(dL/L) and is usually about 2 for 
metallic resistance wires. 

Hence the effective coefficient ‘a* for an individual gauge 
may be defined from AR/R = aT but will be seen to vary 
considerably from gauge to gauge since K and C, differ 
from batch to batch in production, and A as has been 
implied above is almost indeterminate. 

The combination of four such gauges into a bridge yields 
a temperature error which may be written‘ as 

AR;R als 


(the assumption is made that the individual gauge resist- 
ances are very nearly equal). It is apparent that if the 
temperature change is merely a uniform rise of ambient 
temperature One can write the expression as da.T, where 
da is a measure of the disparity of effective thermal co- 
efficients. However, if temperature gradients exist then the 
expression iS more realistically expressed by a.dT. 

The former situation can be dealt with fairly effectively 
by means of short lengths of small gauge copper or similar 
wire inserted in the bridge in such a sense as to offset the 
observed drifts. Typically lin of 38 s.w.g. copper wire has 
been found necessary to compensate an apparent stress of 
601b /in-? in Early attempts at such compensation 


= ali — @T2 + als 


steel 


were made by this method alone using gauges resistively 
matched before adhesion to within 0-1{2; in such cases the 
temperature errors remaining to be compensated by wire 


200 and 600lb/in*® apparent 
method, however, becomes 
200Ib/in® has to be offset, 


insertion were usually between 
stress in steel specimens. This 
cumbersome when more than 
since it is difficult to dispose the added wire in suitably 
intimate contact with the gauges being compensated. 
More important, however, is the fact that such compensa- 
tions are not permanent and it is found that after three 
to six months the temperature errors are as large or larger 
than before treatment. It was noted that those bridges 
that had originally required very small correction were less 
liable to alter in this way. 

The presence of temperature gradients in the metric 
system is a more severe problem and the mechanical design 
should preferably be aimed at producing thermal symmetry 
and small thermal distortion. Some relief may be obtained 
if gauges having equal and opposite thermal coefficients 
are available, giving symmetrical design. 

Both the desire to alleviate the temperature gradient 
condition and the impermanence of the simple wire match- 
ing techniques stimulated efforts to obtain at least com- 
parative measures of the effective thermal coefficient of 
individual gauges: 


TEMPERATURE COEFFICIENT MEASUREMENT 

Attempts at absolute measurement were soon found to 
be abortive: nor is this surprising when it is considered 
that the accuracy of measurement needed was such as to 
allow changes of 50u2 to be reliably detected in a gauge 
of 1202 nominal resistance. 

The method finally used is based on the seemingly crude 
thesis that gauges exhibiting similar behaviour under some 
arbitrary set of test conditions are likely to show some 
coincidence of properties under some unrelated set of 
conditions experienced in common. Nonetheless the results 
so far achieved indicate that the technique amply repays 
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the modest testing work involved. Some of these results 
are shown in Table 4. 

The testing consists of inserting gauges one at a time 
as the unknown arm of a Wheatstone bridge circuit, the 
detector of which is some sensitive, rapidly responding 
device; a d.c. chart recorder of ImV full scale deflexion 
is normally used. The bridge is brought to balance with 
the test gauge immersed, freely suspended, in a bath of 
paraffin at room temperature. The gauge is then trans- 
ferred to a similar bath thermostatically controlled at 20 
or 30°C above room temperature and the ensuing detector 
deflexion observed after a few seconds of settling time. 
This settles rapidly to a steady reading but if observation 
is continued for some minutes the reading will be found 
to drift slowly and often continues to do so for an hour 
or more. These long term drifts are ignored and the 
response of the first few seconds only is used gs a basis 
for comparison. It is found that this ‘transient thermal 
coefficient ’ can be repeated a large number of times within 
close limits and over many days for any individual gauge 
and that pairings made on this basis continue valid in the 
face of repeated trials. 

For gauges of the two types tested the rejection rate 
on the grounds of unusually large transient coefficient or 
inability to find a pairing gauge is quite small, largely due 
to batch similarities, and the rejects are more than 
absorbed by calls for mock-up gauge bridges in normal 
development work. On the average no more than twelve 
gauges, previously grouped to O-1{2 in resistance 
have to be tested to obtain two matched pairs 
which suffice for the formation of a four gauge bridge 
in the absence of thermal gradients. However the isolation 
of two pairs of equal and opposite signed transient 
coefficients appears to require test populations of upwards 
of 50 gauges and may not be feasible at all unless large 
stocks are available. Overall reject rate is obviously an 
inverse function of the available gauge stock. The author's 
laboratory has a turnover of 200 to 300 gauges per annum 
with total stocks of about 500 at any time. 

As a rough measure of success it is found that bridges 
constructed from gauges selected by the above methods 
are found to require no additional treatment (after 
adhesion and wiring up) in over 50 per cent of cases, the 
remainder having residual errors below 200lb/in’ apparent 
stress Over a temperature range of 15 to 45°C. 


ADHESION 


The authors the 


TABLE 4 


Four Sample Bridges Performance After Selection by Transient 
hermal Coefficient 


have found manufacturers routine 





ABSOLUTE 
RESISTANCE 
COLD 


OHMIC 
CHANGE OVER 
30 C RISE 


INITIAL 
DRIFT 


BRIDGE 


0-09 

0-091 
0-086 
0-087 


121- 
121 
121- 


121 


249 
243 
798 


997 


less than 
301b, in 


0-072 
0-072 
0-070 
0-070 


120-284 
120-184 
120-057 
120-070 


less than 
301b/in 


0-084 
0-084 
0-090 
0-090 


120-368 
120-393 
121-401 
121-332 


801b in 


0-083 §SIb in 
0-083 
0-0745 


0-074 


120-975 
120-979 
120-908 
120-942 
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methods of adhesion adequate for all normal working 
conditions. It may be noted that reliable indications have 
been obtained during tests to destruction involving stresses 
upwards of 100000lb/in’, the gauges in some instances 
remaining adhered intimately to surfaces violently dis- 
torted by plastic yield. 

The phenolic resins normally employed involve baking 
temperatures of up to 150°C and clamping pressures 
upwards of 75lb/in®’. Where these are not practicable and 
for repair work an alternative Epoxy resin adhesive suc- 
cessfully employed is Shell Adhesive 6(‘ Epikote”) which 
allows intimate adhesion with very light clamping (e.g. a 
crocodile clip) and baking temperatures below 100°C. 
These adhesives loose their shear strength above 80°C and 
are therefore unsuited for higher temperature operation. 


WIRING-UP 

When d.c. measuring instruments are to be employed 
with the gauges it becomes particularly important that the 
wiring should be such as to minimize the risk of thermo- 
electric e.m.f.’s arising from the interconnexion of the 
copper supply and signal leads with the constantan tails 
of the gauges. Accordingly it is good practice to cut back 
the tails and make all inter-gauge connexions in copper; 
this ensures that each copper-constantan junction is in 
proximity to an opposing junction. The small physical 
sizes of the gauges used make appreciable gradients of 
temperature between the tails of a gauge unlikely to persist. 


Measuring Instruments 

Obviously the precision of strain gauge measurements 
can be no better than that of the instruments used for 
observation or recording and it has been found in practice 
that the achievement of instrument accuracies of the order 
of 0-1 per cent of full scale for inputs of the order 2 to 
20mV is in itself a matter requiring considerable care and 
refinement. While the bases of the principal methods 
employed—viz a.c. Wheatstone bridge and d.c. potentio- 
metric procedures are commonplace in instrument practice 
some of the less obvious points constitute major pitfalls if 
precisions of | part in 1 000 are to be maintained. 

There is little inherent difficulty in setting up and cali- 
brating a simple manually operated channel to the required 
accuracy when direct-loading calibrations of the test 
specimens are carried out, though several such channels 
may be needed to give complete calibration of the test 
piece, each having individual calibration constants. Opera- 
tionally however it is essential that measuring channels be 
rapidly interchangeable and therefore able to be calibrated 
to the accuracy needed independently of the test piece, 
e.g., by some purely electrical means. It is also a great 
convenience if all channels can be set to a common calibra- 
tion sensitivity. 

It is increasingly the practice to utilize self-balancing 
analogue recorders or digital read-out methods** where 
multi-channel observation is required. This imposes a 
further requirement on the measuring channel of linearity 
to the same degree or better than, the expected accuracy. 
In particular, when analogue instruments are involved (e.g. 
chart recorders) +0-1 per cent linearity represents about 
the practicable limit of performance for contemporary 
instruments, 

In what follows some of the points found to require 
attention in an installation in daily use for the past two 
years are reviewed, the elements of strain gauge measure- 
ment being taken as read. 


Effects Associated with the Balancing Controls 
Fig. 4 illustrates in essentials the method of zero- 
balancing a strain gauge bridge, i.e. of backing-off the 


ELECTRONIC 


ENGINEERING 532 


initial unbalance signal arising from the differences in un- 
strained resistance of the constituent gauges (see Table 
4). The equivalent circuit, derived via the delta-star trans- 
formation, shows how this balancing is achieved; viz. by 
effectively shunting one pair of gauges (R: and R:) until 
their resistance ratio is the same as that of the other pair 
(R; and R,). Thus the final position of the shunt slider 
and the fraction n of the total shunt resistance R, tapped 
off is dictated by the relative resistance of the gauges 
R; and R, and of the other pair: i.e., n is a function of the 
initial resistance mismatch. 


Now a combination of a strain gauge and a fixed shunt 
will exhibit less fractional change of resistance than the 











] 
Total resistance 
= 30k 


| 





R, +n (I-n) Ry? 
a 





aR, + R 
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Fig. 4. Zero balancing controls for strain gauge bridge 
gauge itself when the latter is subjected to a strain, accord- 
ing to 


6R/R = AG/G. 


~ G (see Appendix 1) 


where A, 6 are the actual and apparent resistance strains 
G = unstrained resistance of the gauge 
S = fixed shunt resistor 
R = combined resistance = SG/(S + G) 
or more briefly 
5=kA 


where k may be termed the desensitizing factor = 
S/(S + G). 
In general if a gauge of resistance pG is shunted down to 


G ohms the requisite shunt is 


and the desensitizing factor resulting is 
( 1) 
pa 2 =I1/p 
p/l(p 1) 
Hence a resistance strain in the shunted gauge of A would 
yield an apparent strain of 6 = A/p. 

From the foregoing it may be concluded that: — 

(a) The balancing controls should provide only a limited 
range of accommodation of initial resistive mismatch so as 
to discriminate against grossly unbalanced gauge sets. 
Appendix 1! shows that a change of calibration of about 
half the percentage mismatch may arise. 
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(b) The balancing controls of channels intended to be 
interchanged must be identical and any balancing com- 
ponents utilized during a calibration or mock-up test must 
be the same as those employed in the regular measuring 
instruments. 

(c) Balancing controls should not be unduly low in resist- 
ance otherwise valuable sensitivity may be lost. Further, if 
the shunt component is low several combinations of the 
balancing controls may be found to yield balance since 
only a ratio needs to be set, and these can give significant 
alterations of sensitivity (10 per cent changes have been 
experienced from an ill-considered choice). Practical values 
have been found to be those indicated in Fig. 4: the fine 
control may be omitted entirely if the shunt slider is of the 
multiturn helical variety. 


Zero Shift 

Clearly the method of balancing described above might 
be used to obtain up-scale shift of zero or zero-suppression 
to accommodate large ranges of readings. However, since 
this involves alteration of the state of differential shunting 
if will lead to changes in overall sensitivity. For instance if 
in Fig. 4 the gauges R; and R, are assumed to be of equal 
resistance then it would be required to shunt R; and R» 
not to equality but to differ by a factor p, slightly different 
from unity so generating a shift voltage p—1/(p+1).V/2 
across the detector terminals—taking the detector as having 
a relatively high impedance. The desensitizing factor aris- 
ing from this procedure is simply 

k = p 
If the gauges R: and R: are initially unequal by a factor p 
then a desensitizing factor 
; k = p/p 
is appropriate. 

A general expression is shown in Appendix 1, but the 
results are summarized in Table 5. These effects are more 
serious where the detector impedance cannot be omitted 
from the calculation and this has been confirmed experi- 
mentally: as much as 2 per cent change of sensitivity has 
been observed to occur after using the balancing controls 
to obtain an up-scale shift of zero equivalent to SmV. It 
may be further observed that the backing off of tare load- 
ings during direct loading calibrations, e.g., the weight of 
scale pans, can lead to similar errors if the tare is an appre- 
ciable fraction of the full range load. 


Effects Arising from the Measuring Circuits 

Fig. 5 shows the elements of one method of measuring 
the unbalance of a bridge due to strain after the initial 
mismatch has been removed by the balancing controls. 
Essentially the same as the balancing network it is a null 
method, but whereas the balancing circuits may be 
required to deal with mismatch unbalances of up to 0-5 per 
cent the measuring circuit may well be used for full scale 
unbalances as small as 0-02 per cent of gauge resistance 
and discrimination to about 1000" of this is needed. 

It is clear that the position of the slider of R, is again a 


TABLE § 
Relative Sensitivities or Desensitizing Factors 





GAUGF MISMATCH FACTOR / | 
- | UNBALANCE | 
FACTO? P 


EQUIVALENT 
VOLTAGE 
SHIFT 


0-995 s 


1-000 


1-000 1-005 


0-995 1-25mV/V 


applied 


0-9975 0-9950 


1-0025 1-000 0-9975 1-000 No shift 


+ 1-25mV/V 
applied 


1-005 1-0025 1-000 1-005 
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measure of the unbalance. The resistor R, serves to control 
the sensitivity, since an increase in R, will necessitate addi- 
tional excursion of the slider of R, to effect a given differen- 
tial shunting. (Alternatively Rs, is sometimes considered as 
determining the source impedance of a * balancing current’ 
applied to the corner of the bridge). Thus the relationship 
of the factor n to the strain in the gauges is determined 
inter alia by Rs. 

The position of the unstrained null setting would clearly 
be at the mid-position of Ry», ic. at n = 0-5, if a perfectly 
symmetrical set of gauges were employed. In this position 
also variations of R, would have no effect, since there would 
be no potential difference across it. With a practical set 
of gauges it is necessary to adjust the talancing controls 
until this latter condition exists, testing for it by varying 
R,, and the resulting value of n will be set uniquely by the 
initial mismatch of the gauges. 


rae 


% A 
R, \OOR max rr 
(i-n)R> J 


| ; 1 
differentially | PJ 
ganged: | ia r 
4 > 
— / 


aoe queenpef 
1 AR, 10 to SOKQ\. y 
100N on 


0-1 7, linear 
Measuring system for automatic strain gauge bridge 





”R, ww. Pot 


a 
R, 1OOQ max 


an eee | 
Total shunt resistance 

. 
Fig. 5. 


If this initial position is not convenient means must be 
found for moving the electrical centre of the system rela- 
tive to the mechanical centre of Ry. This is done in Fig. 5 
by means of the resistors R, which are differentially ganged 
so as to keep the total value of R, constant. However, 
imperfections in the tracking of the R,’s in practice give 
rise to small variations in calibration—up to 1 per cent—so 
that zero adjustment must be followed by recalibration. 


Linearity 
Appendix 2 derives an expression relating the value of n 
to the resistance strain x of the gauges in terms of two 
circuit parameters 
a=R,/R b=R,/R 
where R is the gauge resistance, as 
2hxn’? + (1 2bx)n — G4 2ax) = 


‘(in +) 
. 
a+ bn + bn 
If x is near zero then n is about 0-5 and the slope in this 
region is obtained by differentiating equation (2) and 
inserting these values as 
dx/dn (3) 


a 


If n changes from 0-5 by an amount dn equation (2) yields 
dn 
b(dny} 


ax = 
2[a 1h 


and the percentage error from the linear law of equation 
(3) is 
(dn) .b 
. 100 per cent 
? 


a 1} 


The requirements for accuracy are thus manifest: the 
reduction of + is limited by the lowest feasible value that 
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can be produced in linear potentiometers. For 0-1 per cent 
linear card wound potentiometers the lower limit is about 
1000 for single turn devices so that the value of Ry» will 
be about 20012 at least since the resistors R, require to 
have the same ohmic value as the slidewire Ry. No improve- 
ment can be achieved by limiting dn since the value of a 
is dependent upon this choice—see equation (3)—and 
cancels any advantage gained exactly, since a is generally 
much greater than b. 

Appendix 2 also shows that the error can be expressed 
directly. in terms of the slidewire resisitance to gauge resist- 
ance ratio for a given range of measurement, thus: 

e=2.R,/R.x. 100 per cent 
It may be noted that the use of comparatively low resist- 
ance gauges aggravates the problem of obtaining adequate 
linearity. The values shown in Fig. 5 have given adequate 
performance for strains up to 800 microstrain with 1200 
gauges. 


Calibration 

The means of obtaining a reliable calibration of the 
measuring instruments require some care especially when 
d.c. excitation of the gauge bridge is employed. The use of 
decade resistance boxes in test bridges is hazardous unless 
great attention is paid to the contacts—e.g., contact resist- 
ance variations of 100u{) are important and thermo-electric 
e.m.f.'s of 2uV, corresponding to 1/20°C difference with 
copper-constantan junctions, are detectable. 

The simple expedient of shunting one arm of the bridge 
with a high fixed resistor often utilized in simple measure- 
ments is no longer sufficiently accurate due to the slight 
but important differences in absolute resistance of the 
gauges constituting a bridge. The method is, however, valid 
as a comparative check of the stability of a calibration 
made by other means. 

Two main methods of calibration appear to be usable, 
particularly where d.c. gauge excitation is used: 

(a) The use of a dummy bridge of precise and stable 

resistors, one Or more arms of which can be shunted 
at will by the operation of thermal-free key switches 
or similar contactors. Such a device will give an 
output in the form of a resistance strain but the 
voltage output will clearly be no more stable than 
the voltage source used to supply the bridge. 
By calibration against a manual potentiometer of 
good quality, however, because of the difficulty of 
constructing stable and repeatable low voltage 
supplies few precision strain gauge measurements 
are made in terms of absolute millivolts. 


Gauge Supplies 

D.C. potentiometric methods can be used for strain 
gauge work if means are available for compensating the 
variations in the gauge supply voltage. A simple technique 
is to arrange for the potentiometric instruments to be 
standardized not against a standard cell but against some 
suitable fraction of the gauge supply voltage. The calibra- 
tion is then sensitive only to variations of supply voltage 
in the inter-standardizing period—say half an hour, or to 
any variation in the voltage division ratio of the network 
used to step down from the supply voltage, usually about 
6V, to the standardizing level, around 1V. The latter is 
readily met by good quality (0:02 per cent stability) 
resistors while low voltage supplies of good short-term 
stability may be derived from modern mercury cells or 
silver-zinc accumulators: a car battery of moderate capa- 
city (60Ah) can give satisfactory results if used in the 
middle of the gravity range. Zener diodes and other forms 
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of low voltage reference oifer the possibility of mains 
driven low voltage supplies of adequate short term stability. 
It may be noted that, given means of standardizing against 
the gauge supply, the absolute value of voltage is 
immaterial within fairly wide limits. Although it is out- 
side the scope of the present article it is relevant to note 
that a developed form of a commercial chart recorder has 
been adapted to give an overall accuracy of 0-1 per cent 
as a strain gauge recorder when operated with car batteries 
at anything between 5 and 7V. Some progress has also been 
made towards a 6V supply at upwards of 50mA having 
an absolute stability of 1 part in 1 000 or better. 


Conclusions 

The present survey of the problems involved in precise 
strain gauge measurements shows that existing techniques 
are sufficient to make observations to | part in 1 000—but 
only just. By attention to detail in the preparation of the 
test specimens, in the design of the measuring instruments 
and of the means of calibration these precisions can be 
maintained for considerable periods of time. Any signi- 
ficant advance on the present accuracies is only possible 
if as well as improved strain gauges, instruments of a 
startling specification become available. 
Acknowledgments 

The authors are grateful to the Chief Executive of the 
Aircraft Research Association, Mr. R. Hills, for permis- 
sion to publish this work. The careful and patient measure- 
ments undertaken by members of the instrumentation 
department, Messrs. K. Milsom, W. R. Wignall and G. B. 
Sims made possible the successes achieved. 


APPENDIX | 
DESENSITIZING OF STRAIN GAUGES BY DIFFERENTIAL 
SHUNTING 

If an active strain gauge of ohmic value G is shunted 
by a fixed resistor of § ohms the resistance of the combina- 
tion 1s: 
re 
$+G 
If now G is strained to become G(1 + A) where A is very 
small order 10-* to 10-* 


Ril — 4) = 


2 = 


SGU + A) 
S + Gl +A) 
and 
dbR/R= [1 + (G/S1 + A) 

which reduces on expansion to 

wee s 

iete SS 
where k is the desensitizing factor. 


= kA 


BRIDGE STRAIN SENSITIVITIES FOR GAUGES OF UNEQUAL 
GAUGE FACTOR 
If in Fig. 6(a) the two active gauges exhibit additive 
but unequal strains 4; and 4, then the unbalance voltage 
will be given by 
120(1 + &x) 


L(A, + 4;) 


dV /V 


a (dx 6;) 
and if 4, and 4; are both < 2 then dv/V approaches a mean 
strain sensitivity 
dV /V = 46x + 4) 


If the inequalities of resistance strain arise from an ohmic 
mismatch factor p then 4x = 4;/p and 
dV/V =46;(1/p + 1) 
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and the bridge sensitivity differs from that of a perfectly 
matched bridge by a factor 4(1/p + 1) 

e.g. if two gauges are of resistance 120 and 120-6{) then 
p = 1-005 and dV /V = 0-9975 8,/2 

i.e. Percentage calibration change is about half the per- 
centage of mismatch. 

















R(1+6) R(\ +4) 








(c) 
Fig. 6. Analyses of strain gauge bridge 
(a) Effect of unequal strains 
(b) Effect of deliberate unbalance 
(c) Relationship of n to strain 


EFFECT OF DELIBERATE MISMATCH 
The balancing controls may be replaced by the equiva- 
lent delta network shown in Fig. 6(b). If now the shunted 
gauges are set not to equality but so that 
K . p120 J. 120 
K+pl20 °° J+ 120 
where p is a factor slightly greater or less than unity, a 
shift voltage Vs = V/2(p — 1)/(p + 1) is produced. Now 
J/¢J+120) and K/(K + p120) are the desensitizing factors 
acting on the respective gauges so that 
pdx = pd; 
6;/2(p + I) 
and dV /V pit 


y 


2+ d\(p 1) 
An exact analysis of the circuit yields the general expres- 
sion 


dV /V = 


J Wald + I) - « I V/2 


100+J plp+1) p+ 

The first term of this gives the strain response of the bridge 
the second the constant upscale shift. Thus even with a 
perfectly symmetrical arrangement (p = 1) the strain sensi- 
tivity is seen to alter with the unbalance factor. 


- 


A:VyZ. 
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APPENDIX 2 
Referring to the arrangement of Fig. 6(c) the balance 
condition is simply 
V. V ». 
Applying Kirchoff's laws 
7,01 n)R, IR, 
1(R + AR) + (h 
1,(1 nyR, + Up 
Solving for /, yields 
- (R + AR)/2R (1 n) 
‘ . "R, + 4R — (ARY/2R + nll 
and from equation (5) 


/ (V 


1(R + AR) =0 
1.) (R—AR) V 
1.nR, V 


n)R, 


( R) 
2R) : R > 


Now 


/ T)(R AR) 


2R 
so that at balance 


2x 
— fa + 4—(x°/2) + nll 2)+4-2n 


l x 
where x (A\R/R) a = (R;/R) b = (R,/R) 
In a practical arrangement a is of the order 200 and b of 
the order 1, while x is of the order of 10~* so that one may 
write without error, 


n)b] (x 


n } 
Atl njn 
LINEARITY 
Differentiating 
2x[a + (bdn/ dx) —2bn (dn/dx)| + 2(a+bn—bn*) = dn/dx 
If x = 0 then n = 0-5 assuming all gauges of equal resist- 
ance and at this condition 
l 
dx/dn = ————— 
2(a + $b) 
EFFECT OF CHOICE OF SLIDEWIRE 
The equations of the text shown linearity error to be 
100 . (dn) 
e= per cent 


alb+4 


r/dn = 
2(a + 4b) 


where x is the full scale strain to be measured. 

Full scale dn = R,/Rp = R+/Rb, where Ry is the vari- 

able part of Rp». Inserting these in the error expression 
e= 100.R,/R 
where R is the unstrained gauge resistance. 

With the values of Fig. 5 the expected error from linearity 
for a maximum span of 0 to 800 microstrain with 1200 
gauges would be 

e = 100. 100/120 . 16. 10-* = 0-133 per cent 
(taking the gauge factor as 2-0{2/(2/unit strain) 
The peak errors would be plus and minus half this amount 
if the calibration were set up at the extremes of the range 
and at the mid-span, since the characteristic curve is § 
shaped about the mean slope at zero strain. 


. 2x per cent 
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Accuracy Control in a File Processor 


By J. C. Hammerton*, M.A. 


In this article the accuracy controls incorporated into a particular logical machine called a file 
processor are described. The methods of handling errors detected by the accuracy controls are 
also described. The purpose of the machine and the fundamentals of its design are outlined. 


HE problem of accuracy control in large electronic 

systems has been discussed in a previous article’. In the 
present article the philosophy already developed is illus- 
trated by application to a particular logical machine. The 
functions and the construction of the machine are described 
in general terms in order to provide the necessary back- 
ground information 

The machine, which is of the type known as a file pro- 
cessor, is considered as part of a system in which the work- 
ing records of a small insurance company (300 000 policies) 
are stored as magnetized locations on reels of magnetic 
tape. 

The records are consolidated into one master file of 
policies ordered by policy number. By processing the file 
according to a regular cycle of operation the company main- 
tains up-to-date information about policy status, premium 
billing, premium accounting, dividend history, loan history, 
etc. 

The principal functions which have to be performed by 
the system are as follows: 

(1) To order new transaction information, e.g. policy 
changes, into an ascending sequence by policy 
number thereby producing a ‘transaction’ tape. 

(2) To locate the data on the policies being serviced 
which are recorded in the master policy file. 

(3) To amend the existing data in accordance with the 
new transaction information. 

(4) To extract from the inaster file information on policies 
which require some action, e.g. premium billing. 

(5) To perform calculations on ‘active’ policies, e.g. 
dividend calculations. 

These functions can be fulfilled in several ways, all of 
which can be considered as compromises between two 
extremes. At one extreme all the functions are incorporated 
in a single machine and they are performed in a predeter- 
mined sequence every time an ‘active policy record is 
located in the master policy file (Fig. 1(a)). At the other 
extreme the functions can be distributed between several 
specialized machines. 

One method of distributing the functions is to use a 
special purpose machine to find the active information in 
the master file and to ‘extract’ it (functions 2 and 4). 
Consequently, only active information is presented to the 
computer in the system. With this method it is, of course, 
necessary to re-introduce the up-dated information to the 
master file by ‘merging’ it with the previous information. 

A machine of this type is called a file processor. It can 
be employed economically when a cycle of operation 
involves only a small fraction of all the policies listed in 
the master file. The method of operation is depicted in 
Fig. 1(b). 

There are three input tapes and two output tapes. 

The blocks of data in the policy file are matched against 
those in the transaction tape. When an equality is detected 
the block of data from the policy file is transcribed to an 
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‘extract’ tape. The extract tape and the transaction tape 
are used by the computer to up-date the master records. 
At the same time the up-dated information from the 
previous cycle of the operation is merged with the old policy 
file to produce an up-dated policy file. 
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Fig. l(a). All purpose computer 
(b). Computer and file processor 


Description of the File Processor 

The only information required by the file processor is the 
policy number of each block of data. This is positioned 
at the beginning of a block so that the file processor reads 
the policy number as soon as it starts inspecting the block. 

The rules governing the operation can be readily deter- 
mined, but will not be enumerated here. The principle of 
operation is, however, important. The machine does not 
have a static memory large enough to store a block of 
data. Therefore, a block of data is held on an input tape in 
a position to be read until the rules indicate that it is to be 
transferred to an output tape. The operation proceeds by 
selective re-transcription of blocks of data from input tapes 


to output tapes. Thus, taking the ‘extract’ function as an 


SEPTEMBER 1958 





example, the method of operation is as follows: 


(a) To find and store the policy number of the first block 
of data on the transaction tape, Li. 


(b) To run the master file inspecting the policy number 
of each block of data and comparing it with Li; 
when a number F; is found equal to Li, the block 
of data of which F; is a part is transcribed to the 
“ extract’ tape. 

(c) To find and record the policy number of the second 
block of data on the transaction tape and so on. 


A pre-requisite is that the blocks of data on all the input 
tapes are arranged in ascending order by policy number. 
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Fig. 2. Schematic of file processor 


The equipment necessary to mechanize the extracting and 
merging functions is shown in Fig. 2. 

It consists of the following parts: 

(1) A communications unit which connects the machine 
to the required tape stations, three input and two 
output. 

Registers, Lr, M; and F, to staticize the information 
received from the input tapes. 

Memories Lm, Mm and F,» to store the policy numbers 
of the three blocks of data which were last inspected 
(one from each tape). 

A comparator which compares the three stored policy 
numbers and ascertains their relative magnitudes. 

A tape selection function which interprets the output 
of the comparator in terms of the operating rules 
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and decides which tapes to start and which to stop. 


(5) A tape control function which issues the necessary 
orders to the tape stations at the appropriate times. 


(7) A delay so that after reading the beginning of a block 
of data, all the above functions can be performed 
before an attempt is made to transcribe the block to 
output tape. 

The delay can, for example, be a drum on to which the 
block of data is transcribed. By the time that the first 
character appears at the reading head the policy number 
has been selected and compared. Consequently at this time 
it has been decided either to transcribe the block of data to 
the extract tape or to the up-dated policy file, or to both, 
or to neither. This selective transcription is accomplished 
by conditioning the two control gates appropriately (Fig. 2). 


Accuracy Checks 
Having defined the purpose of the file processor and out- 


lined its mechanization, the problem of accuracy control in 
the machine can be examined. 


COMMUNICATIONS 

In accordance with the philosophy already developed 
the first checks to establish are those which secure the 
communications between machines. 

At any one time the file processor is connected to five 
tape stations, three input and two output. However, during 
the course of an operation each tape trunk may be con- 
nected to a number of tape stations. For example, the F 
trunk which handles the policy file is connected in turn to 
each of the tape stations which house the file. (It is assumed 
that the system is such as to eliminate hand-carrying of 
tapes either wholly or in part). 

In a system of this type it is economical to reduce the 
checking equipment in the tape stations to a minimum 
Hence the input trunks to the file processor are monitored 
by parity checkers (1) and the output trunks by echo 
checkers (2). (The numbers in parentheses refer to Fig. 2) 

The echo-checking takes the form of registers which are 
‘set’ by the outgoing unit bits and reset by versions of these 
bits returned to the user machine from the tape station’ 

The commands issued to the five tape stations are moni- 
tored in a similar manner. However, since the status of the 
stations is frequently of interest in connexion with the logic 
of the machine, a more embracing check can be employed. 
The status signals (usually d.c. levels) received from the 
tape station are ‘moving or stopped and ‘forward or 
reverse *. The station adopts these conditions in response to 
three commands from the file processor, namely, ‘stop 
forward ’, ‘start’, and ‘stop reverse’. 

With the status signals available a check can be established 
which covers the transmission of the commands to the tape 
stations and the receipt from them of their status (8). The 
error inspection pulse (Fig. 3) inspects the two control gates 
to determine whether the status of the tape station is com 
patible with the orders issued to it 


INFORMATION CHANNELS 

The information channels in the file processor are rela- 
tively simple. The minimum accuracy control is provided 
by a parity checker which monitors the output information 
(3). 

The selected parts of the information, i.e., the policy 
numbers, are transferred from the registers Lr, M,, Fr, to 
the memories Lm, Mm, Fm, and circulated as required from 
memory to register and back again. The importance of the 
policy numbers in controlling the operation and the com- 
plexity of the circuits which handle them make it advisable 
to use parity checkers to monitor the circulation paths (4) 
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LOGICAL FUNCTIONS 

The three comparator circuits each have three possible 
outputs. 

For example, 

L is greater than M 

L is equal to M 

L is less than M. 
Since these three possibilities are mutually exclusive more 
than one of them at a time indicates a malfunction. Further- 
more, one of them must be true. 

Every time a new policy number is read into the machine 
the outputs of the comparators are checked to see that one 
and only one of the three possible outputs has been 
registered (5). 

Checking the tape selection function cannot con- 
veniently be as rigorous. The nature of the operation is 
such that either, neither or both output tapes may be in 
motion at any particular time. This makes it difficult to 
devise a comprehensive test to cover selection of the output 
tapes. With regard to the input tapes, however, it can be 
stated that, 
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CONTROL 
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Stopped Reverse 
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Fig. 3. Tape station status check 


(a) If the machine is operating, it must be supplied with 
information. 


(b) The machine cannot handle information from more 
than one source at a time. 


Consequently, a check is used to establish that one and only 
one source of input information is selected (6). 

In general the selection of a tape is only one of the 
conditions which must be fulfilled before a tape is run. 
Hence it is advisable to check that the selection of a tape is 
followed by ordering the appropriate tape station to start 
(7). Furthermore, in the case of tapes which have been 
running but are not reselected, it is important to check 
that they are ordered to stop. For example, a particular 
block of data may have been transcribed to the up-dated 
policy tape and to the extract tape. If the following block 
is only required in the up-dated policy file, the extract tape 
is not reselected. Failure to order it to stop will, however, 
enable transcription to be effected. 


ASSESSMENT OF CONTROL CHECKS 

A reappraisal of the accuracy control checks which have 
been enumerated so far reveals an important omission. 

Each block of data contains the information pertinent to 
a policy. The operation outlined is concerned with the 
routing of these blocks to output tapes according to their 
policy numbers. To do this the policy. number is selected 
from each block and used as a factor in determining which 
of the tapes to run. A selection is, therefore, made from 
every block of data. If no selection is made during the 
(n + 1)™ block, it is transcribed in the same manner as the 
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n™ block since no further orders are issued to the tape 
stations. 

To prevent this a check is made at an appropriate time 
after the start of 2 block of data to see that the policy 
number has been selected from it (9). 


SUPPLEMENTARY CONTROL CHECKS 

The nine control checks described cover the logical func- 
tions and the information handling abilities of the file pro- 
cessor. At this point an estimate of the extra equipment 
involved can be made. It is then possible to determine 
whether supplementary checks can be included in the design. 


The supplementary checks are directed towards one or 
more of the following objectives: 


(1) Better identification of the cause of a shut-down. 


(2) Checking parts of the machine which because of the 
nature of the equipment used or the small amount of 
equipment, are considered highly reliable. 


(3) More rigorous checking of complex parts of the 
machine. 


For example, a parity checking circuit positioned after 
the delay in the information channels enables maintenance 
personnel to distinguish errors introduced in the delay from 
those introduced in the control gates. 


The second objective is exemplified by the three memory 
circuits. These, if constructed from magnetic cores, are con- 
sidered highly reliable. A parity checker in each circulation 
loop is normally quite adequate to guard against pick-up 
from ‘ noisy’ cores or loss of unit bits from marginal cores. 
However, it is possible for a whole character to be missing 
due, for example, to failure to address the locations in 
which its bits are stored. 

As a final example, some additional check of the complex 
comparator circuits can be included. The check described 
above ensures that the output of each of the three com- 
parators is unique. A further check can be made to see 
that the three outputs are compatible in an algebraic sense, 
e.g. if L is less than M and if M is not greater than F, then 
L cannot be either equal to or greater than F. 


Error Correction and Indication 

The primary purpose of the accuracy control checks is 
to establish that an error of some sort has occurred in the 
machine. It is then possible to initiate a correction routine 
at the appropriate time. ®@he objective of correction routines 
is to erase the basic group of characters involved in the 
malfunction and to repeat that part of the operation 
which was being processed’. For the purpose of illustrating 
what is involved in the design of the machine, two cases 
are considered. The first is an error which occurs in the 
policy number of a block of data. The second is an error 
which occurs in transcribing a block of data from an input 
tape to an output tape. 


ORGANIZATION OF DATA 

For convenience a review of the way in which the data 
are organized in a system of this kind is included. The data 
are grouped into ‘ blocks’ each containing the information 
pertinent to a particular policy number. For example, a 
block contains the policy number, the issue date, the plan, 
age at issue, name of policyholder and so on. These details 
are recorded as a number of characters, each of which 
consists of a coded combination of unit and zero bits. For 
the present purpose it is supposed that the bits forming a 
character occur in parallel but that the characters occur in 
series. 


The blocks of data are separated by gaps of blank tape, 
the minimum length of which is specified to ensure that the 
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tape can be stopped and restarted between blocks without 
loss of information. 


TIMING OF FUNCTIONS 

The delay (Fig. 2) in the information channels and the 
time taken to traverse the minimum gaps between blocks 
are such that the policy number of the (nm + 1) block 
occurs at the input registers while the back end of the n™ 
block is still in the delay prior to transcription. This means 
in effect that all the logical functions relating to the 
(n + 1)™ block are completed before the n™ block has been 
fully transcribed. 

Fig. 4 vrovides a graphical representation in which time 
is the abscissa. At a time after the start of the (mn + 1)” 
block at which it is known that the n™ block has been trans- 
cribed, an ‘error assessment pulse’ (e.a.p.) is generated. 
This pulse inspects the system to see if an error has occurred 
and, if so, whether the error is in the transcription of the 
n™ block or in the logical functions connected with the 
policy number of the (nm + 1)™ block. 

The basic error cycle associated with the error assessment 
pulse of the (mn + 1)™ block only covers these two parts of 
the operation. A malfunction, for example, in the process- 
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Fig. 4. Timing of read/write function 


ing of the policy number of the n‘® block would have been 
detected by the error assessment pulse of the n™ block. 


ERROR IN THE LOGICAL FUNCTIONS 

If on assessment the error proves to be associated with 
the policy number of the (nm + 1)" policy the following 
actions are necessary: 

(1) The moving output tapes are stopped but remain 
‘forward’ (it is inferred that the n™ block was 
transcribed without error). 

(2) The input tape (F in Fig. 4) ‘s stopped and then 
reversed until the reading head is in the gap preced- 
ing the (n + 1)" block. 

(3) The three input tapes are run again in the predeter- 
mined sequence in order to rediscover the policy 
numbers of the next blocks of data on the three input 
tapes; these numbers are stored in the three memories 
(Fig. 2). 

At this point the machine has sufficient information avail- 

able to it to continue the operation. 

In re-running the F tape, of course, the error may be re- 
detected if it is a real error rather than a transient one. 
If the error is redetected, the error correction routine is re- 
initiated. 

ERROR IN TRANSCRIPTION 

If the system, on inspection, is found to have a tran- 
scription error, e.g. a parity error in the output information, 
this must have occurred in the n™ block of data. The error 
is assessed at the e.a.p. (Fig. 4) as before. (The correction 
of this type of error takes precedence over an error dis- 
covered in the (nm + 1)" policy number). 

The error correction routine in this case is more complex. 
The objective of it is to repeat the transcription of the n™ 
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block of data. To do this the reading head of the input 
tape station (F) is positioned in the gap preceding the n™ 
block. At the same time the transcribed n‘" block is erased 
from the output tape. 

These functions are accomplished by the following 

actions : 

(1) Run the input tape in reverse by 
commands ‘ stop reverse’ and ‘start’. 

(2) Stop the input tape when the reading head is in the 
gap between the (m — 1)'" and the n™ blocks of data 
and return it to its ‘forward’ status. 

(3) Put the output tape in reverse. 

(4) Turn off the ‘ erase’ function. 

(5) Adjust the status of the output tape station so that 
the information on the tape (U of Fig. 4) can be read. 

(6) Start the tape in reverse. 

(7) When the * write/read’ head detects the gap between 
the transcribed (nm — 1)" and 1" blocks, continue 
running the tape for a sufficient time to ensure that 
the ‘erase’ head has entered the gap and stop the 
tape: at this time the ‘ write/read’ head is positioned 
in the (mn — 1)™ block of data. 

(8) Allow the status of the output tape station to revert 
to its writing condition. 

(9) Switch on the erase function. 

(10) Advance the tape a distance which is sufficient to 
ensure that the ‘write/read’ head clears the 
(n — 1)" block; part of the transcribed n‘ block is 
erased in the process. 


issuing the 


Stop the tape. 

Generate an initiation pulse and re-run the three 
input tapes in the predetermined sequence in order 
to re-discover the policy numbers of the next blocks 
of data on the tapes. 

At this point the machine has sufficient data available to 
it to continue the operation. 

If the »™ block of data is transcribed to both output 
tapes, the actions relating to the output station must be 
performed for tape E as well as tape U 
SHUT-DOWN 

A correction routine is repeated either until the error is 
not re-detected or until, after a number of unsuccessful 
correction attempts, the machine is shut down. The number 
of attempts necessary to infer that a detected error is a 
real one rather than a transient one is a matter for dis- 
cussion. If the error is due, for example, to loose oxide 
on the reading head of the input tape station, the oxide 
may be dislodged by moving the tape back and forth over 
the head. The important point is that once the machine 
has been shut down some time will elapse before it can 
be brought back into operation. As compared with this 
time, error correction routines are cheap. Hence it is better 
to err on the side of too many. attempts rather than too few. 


ERROR INDICATION 

If the transcription or the criterion error is of transient 
origin, the operation is continued after the appropriate 
error correction routine has been made. If, however, the 
error arises from some permanent cause the operation is 
discontinued. 

The information about the type of error becomes 
important at this time in order to assist in determining 
how the operation can best be continued. 

In general, the error can be attributed to either a mal- 
function in the processing machine or a malfunction in a 
tape station or an error in the input data. 
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In the first two cases the operation can be continued 
either by repairing the defective machine or by substituting 
a machine of the same type for it. In both cases it is neces- 
sary to re-initiate the operation at some point in the middle 
of it. 

If the error is attributable to the input data, an ‘ error- 
override’ option can be exercised (see next section). 

The most economical manner of indicating errors uses 
a register of the requisite number of bits. A four-bit register 
is adequate for the different errors enumerated above. If 
the extra equipment is available, the errors can usefully be 
grouped according to the three possible origins discussed 
above. 


By-PASSING AN ERROR ON TAPE 


The machine is shut-down at the time when both input 
and output tapes have been reversed and have been stopped 
forward. The reading head of the input tape station is 
positioned in front of the block of data containing the 
error. The output tape has had the transcribed error block 
(if any) partially or wholly erased. 

To continue the operation a function is included in the 
processing machine whereby the block of data containing 


the error can be processed regardless of the error. Subse- 
quently the machine is returned to normal before continu- 
ing the operation. Some record of the shut-down is made 
to enable the error to be located and evaluated at a later 
time. 

The ability to get past an error is of great importance in 
obtaining the most work from a machine. It is, of course, 
an abnormal procedure. If desired, it can be made fully 
automatic. 


Conclusion 
This article has endeavoured to demonstrate how the 
general principles previously established for accuracy con- 


trol in a data-handling system can be applied to a file 
processing machine. 
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A Television Translator 


The BBC began transmitting programmes on July 14 1958 
from a new type of low-power television transmitter, known as 
as a ‘translator’ which is undergoing extended service trials 
at Folkestone. This town is typical of small populated areas 
which are within or adjacent to the service areas of the main 
BBC stations, but are prevented by surrounding hills from 
obaining satisfactory reception 

A translator converts the sound and vision transmission fre- 
quencies from one channel to another without demodulation to 
audio and video frequencies, which occurs when a normal 
receiver and transmitter relay installation is employed. This 
simplification increases the reliability of the equipment which 
can therefore be arranged for automatic operation without 
attendant staff. Because the equipment is small it can con- 
veniently be housed in weather-proof and insect-proof cabinets, 
thus dispensing with the need for a station building. The BBC 
utilizes cabinets of existing design and special precautions have 
been taken to provide sufficient cooling. The power supply is 
included in the steel cabinets, so that the translator can work 
direct from the mains. 

The translator must be on high ground where good recep- 
tion is possible from an existing station in the BBC network 
and from where its transmissions can be radiated over line-of- 
sight paths to the area to be served. In this way only a very low- 
power output is required, which therefore does not add to the 
already serious co-channel interference problem. 


The Folkestone translator is installed at Creteway Down 


Simplified block diagram of the translator 


en ee em ae 


Receiver. ceria! 


Channel 2 


where the receiving aerial is in line-of-sight from the Dover 
BBC television station and the transmitting aerial has a com- 
manding position overlooking Folkestone. The receiving aerial 
system consists of a double 3-element array and the transmitting 
aerial has four tiers of single, folded dipoles. 

If the sound and vision signals of a television system are 
amplitude modulated, difficulties are introduced if they share 
a common amplifier in the translator because of the greater 
possibility of intermodulation. These difficulties are eased in 
systems such as those used on the Continent in which the 
sound signal is frequency modulated. It is hoped that these and 
other difficulties have now been overcome with the system 
developed by the BBC. The simplified schematic diagram 
for this equipment shows that separate channels have been pro- 
vided for the amplification of the sound and vision signals 
using common frequency-changing oscillators. The separate 
channel arrangement reduces the risk of intermodulation and 
enables separate automatic gain control to be employed to 
combat the effects of differential fading between the sound 
and vision signals, which occur if a translator were depen- 
dent upon reception from a really remote BBC station. The 
automatic gain control voltages are also used to initiate an 
automatic changeover to reserve translator equipment should 
the normal unit become faulty. 

The double frequency-changing process facilitates the rejec- 
tion of spurious signals and provides additional protection 
against “in band” feedback. The first frequency-changing pro- 
cess resembles that in a normal television receiver, producing 
vision and sound intermediate frequencies of 34-65Mc/s and 
38-15Mc/s respectively, and the 
second frequency-changing stage 
produces vision and sound fre- 
quencies in the required channel 

The Folkestone translator peak 
white vision power output is 
1-5 watts and in conjunction 
with the type of transmitting 
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of similar low-power translators 
which have been developed by the 
BBC’s Designs Department will 
enable at least some of the small 
populated areas in which satis- 
factory reception is difficult to 
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BBC’S v.h.f. Sound Broadcasting 
Service to smal] areas which are 
prevented by intervening high 
ground from obtaining direct re- 
ception from the main stations. 
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An Amplitude/Frequency Response Display Using 
a Ratio Method 


(Part 1) 


By H. L. 


Mansford*, B.Sc. (Eng.), A-C.G.1L, A.M.LE.E., 


and K. M. I. Khanft, B.Sc. (Eng.), A.M.LE.E. 


A wobulator for amplitude testing often gives errors because of unwanted signal amplitude 

variations during the sweep cycle. Part 1 of this article outlines a new ratio method for balancing- 

out the errors. Part 2 describes equipment for presenting a family of curves generated from 

independent variable potentials by using a stroboscopic sampling technique. A modified television 
receiver displays the waveform with its reference cursors. 


Signal Ratio 

F a sweep signal frequency generator or wobulator be 

constructed to cover a useful video frequency range of 
say 50kc/s to 10Mc/s or more, the amplitude variations 
of this test signal are found to ‘exceed the errors tolerated 
in the equipment under test. These may be minimized 
by feeding the signal to a wideband amplifier fitted with 
automatic gain control; but there are residual errors, and 
difficulties may arise from the absence of the signal during 
the frequency sweep return time. 

Alternatively, source errors may be eliminated by using 
the input and output signal amplitudes of the equipment 
under test to generate a ratio signal. The technique is 
made most effective by converting the potential values to 
2 logarithmic scale, as this allows the ratio to be expressed 
as the difference between two potentials representing 
logarithmic values. 

If also the display is to be that of the logarithm of the 
signal amplitude ratio, as a function of frequency, then : — 


v a log Eo/E; 
where y is a potential controlling the height of the c.r.t. 
spot on the screen. 


E, 
E. 
a is a controlled variable factor. 


is proportional to the input signal amplitude. 
is proportional to the output signal amplitude. 


The expression may be rewritten :— 
log E;) 


which indicates that the signal source may be split into 
two channels; the one having a value representative of 
the signal EF; at the input to the unit under test, and the 
other to be a function of the output signal E.. Then two 
identical linear-to-log transfer circuits may be used for 
the conversion of these two signals, followed by a differ- 
ence circuit from which is taken a suitable display poten- 
tial; or the appropriate logarithmic signal may be 
generated with reversed polarity so that a simple resist- 
ance adding circuit may be used, as in the method to be 
described. 

Early circuits’ for a conver- 
sion to a logarithmic scale 
took the form of selected 
valves chosen to give the 
required ratio of anode cur- 
rent to control grid potential. 
Such a method has obvious 
disadvantages. 

Another method’ 


y = a (log E. 


Fig. 2. 
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use of a multiplication of the signal amplitude, by cascading 
a number of similar stages of voltage amplification, each 
designed to have a fixed upper limit for the value of output 
amplitude. Incremental signals may then be tapped from 
successive stages and an addition made in a combining 
circuit. 

A block schematic circuit diagram for signal multipli- 
cation and addition is outlined in Fig. 1. Alternatively 
some advantages are offered by a similar system which 
1elies on signal division and addition; and in this case 
the division may be provided by passive networks and 
diode switching’. 
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A block schematic circuit giving a logarithmic signal relationship 
by maliplication and addition 


Fig. 1. 
A potential divider having attenuation which varies 
automatically with the amplitude of the input signal may 
be constructed with diode switches to bring into circuit 
additional parallel paths to produce greater attenuation by 
reducing the shunt resistance. The law connecting the 
input and output potentials is controlled both by the 
resistance values chosen for these shunt paths and by the 
bias potentials applied to the diodes. This is the method 
of this article and detailed design data will be given. 
Another attractive method of conversion employs a 
potential from a_ resistance-capacitance exponential 
charging curve, together with a flip-flop valve circuit to 
balance the input potential against that of the exponential. 
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The system* is an informa- 
tion sampling (stroboscopic) 
technique. 

For the division and addi- 
tion system, now to be des- 
cribed, design parameters are 
taken as:— 

Maximum display range 0 + 

20dB. 

Maximum sensitivity to show 

0-05dB changes. 

Maximum source amplitude 

variations 6dB. 

Maximum display error due 

to this 0-1dB. 


Fig. 2 shows a block sche- 
matic circuit of the ratio form- 
ing apparatus, which starts 
from a wobulator supplying 
a nominal 0-1V (r.m.s.) signal 
level. This is too little since 
the test equipment may give 
further attenuations at some 
frequencies, and the demodu- 
lators require sufficient signal 
for linear operation. Accord- 
ingly, an adjustable gain ampli- 
fier follows the wobulator, 
before the signal division into 
the two channels in order that 
errors in its frequency response 
shall not add to those of the 
unit under test. 

A calibrated 752) attenuator 
is included in the test channel 
to adjust and balance the signal 
levels at the two demodulators, 
and as each is followed by an 
amplifier having continuously 
variable gain control, this 
enables a complete balance to 
be made of the signals fed to 
the logging networks. The cir- 
cuit details of the demodula- 
tors, amplifier, feed valves, 
logging networks and the add- 
ing network, are given in 
Fig. 3. 

From the adding network 
a signal proportional to 
y = alogEy/E; is fed to the 
display unit which is the sub- 
ject of Part 2 of this article. 

The signal at the demodula- 
tor input is a sine wave having 
a frequency varying with time, 
and with some unwanted am- 
plitude variations during the 
sweep. In the test channel, 
additional amplitude variation 
is added by. the attenuator and 
by the equipment under test. 
The test signal is also sup- 
pressed for a time to allow the 
frequency to sweep back to its 
first value. 

Following the demodulator, 
the signal output of the 
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reference channel takes the form shown in Fig. 4. It 
then has a 50c/s major component based on the sweep 
repetition frequency. Other components extend up to say 
Skc/s, which is a limit dependent upon the rate of change 
of the signal amplitude. 

The output of the demodulator in the test channel dif- 
fers from Fig. 4 by the gain changes introduced by the 
test piece. This difference forms the basis of the ampli- 
tude/frequency graph to be displayed. 

Fig. 5 illustrates the nucleus of the design for a logarith- 
mic law network, relating E, and y’. That is y’=log: Eo. 
(The log base two has been chosen for the sake of ease 
in the practical construction. No account has been taken 
of the crystal diode resistances in the simple design theory. 
The results justify the approximation thus made). 


be t 
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= 20 msec 


The signal waveform at the demodulator output, showing its 
suppression during the return time 


(a=!) (a) 





Fig. 5. Cirewit nucleus for the relationship y log.E, 


Fig. 6 introduces the practical requirements of crystal 
bias potentials for the control of the order of switching 
as the E. signal potential rises. It shows the resistive 
elements ri, r2 rn, Which have been included in order 
to compensate for the reduction of resistance caused by 
the new shunt paths Ri, R2.... Rn. The bias voltages 
indicated on this circuit against each diode cathode are 
maintained in the diode * off ’ condition by current flowing 
from the positive supply E, and these ensure that a rise 
in the signal level applied at E. shall give a switching 
sequence in accordance with the values given in Table | 

Returning again to Fig. 6, it is found that as the value of 
the input signal E, increases from zero: 

(1) No diode conducting. 
v/E. = 1 
(2) 1% diode conducting 
Shunt resistance = R = R/2° 
W/E. = R/(R + R) = 1/2 
(3) Two diodes conducting 


R.R 
Shunt resistance = Re 


TABLE 1 
Circuit potential analysis for Fig. 6 





SLOPE OF 


Eo RANGE SWITCHING INCREASE 


2 | no diode ‘on’ 
O— 4 1 diode ‘on’ 
4— 8 2 diodes ‘on’ 
8—16 3 diodes ‘on’ 
n diodes ‘on’ | (n+ 
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R/(2 1) 


y/E, = “wILTe 
oe" RK + (R/(2 - I) 
(4) Three diodes conducting 


Shunt resistan R/> S/S 
esistance R 3 ; R 4 
R/7 

R + R/7 
n diodes conducting 
}). ae 
R/(2°-') 
R /(2"— 1) 


R/(2 
RQ 1) 
= R/(2+2""-1) 


Shunt resistance 


Fig. 6. The Fig. 5 circuit in a practical form 

Values of R, and r, are determined in terms of R, E, 
and n. (See Appendix.) Design values may now be 
found. 

It is evident from the values of Table | that six sections 
should be used to cover the design range | to 100V for Eo. 

R is given a value of 16k, and E is given a value of 
300V, in order to provide R, with values readily obtain- 
able from a normal stock. 

. ER R (n+ 1) 

ree Boe 2°-! (n4 ames ~~” (E n 1) 

R, =2-4MQ 
800k.) 
300k 

Ry = 120k 

R SOk2? 

R 21-4k2 

Two identical demodulators derive the Fig. 4 type wave- 
form from their respective channels, and each is followed 
by an a.c. coupled amplifier having variable negative feed- 
back with a gain control for a maximum of times one 
hundred. A 10V peak-to-peak signal at the output is con- 
sidered as OdB level, so that the range at the output 
becomes 1 to 100V peak-to-peak (0 + 20dB). 

It is essential that the two signals be ‘d.c. restored’, 
before each is fed to its logging network. This means 
that each signal then has an absolute level above a zero 
baseline. The zero level occurring between each sweep 

the return time period which is blanked by the sweep 
generator—gives a zero reference level for d.c. restoration 
by means of diodes, which conduct for this period and 
restore the charge lost by the output coupling capacitor 
during the previous sweep period. 

One network receives only the source amplitude changes, 
which by definition must not exceed 6dB. The other must 
be capable of handling a 40dB range. However, both 
channels are designed for the full range in order that the 


10702 
810) 
540 
340 
200) 


124) 


ELECTRONIC ENGINEERING 





working signal level may be varied to suit the limitations 
imposed by the unit being tested. 

To enable the summing network to produce a difference 
signal, it has been shown that the two logging network 
Outputs must supply opposite polarities. The feed to that 
giving the positive signal is handled satisfactorily by a 
cathode-follower supplying a potential to the 16k) input 
of the network; 16k being the requisite design source 
resistance for correct operation of the logging circuit. 
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Fig. 7. Plot of experimental data, using the Fig. 3 circuit values 





But the feed to the negative output network cannot be 
handled satisfactorily in this way because the current feed- 
ing the circuit is reversed and a load of this type would 
leave a cathode follower-valve to pass progressively less 
current as that in the load increased. A current feed from 
the relatively high anode impedance of a pentode forms a 
better circuit, which also gives the required phase reversal. 
A large amount of cathode-grid (negative) feedback is 
employed to raise the effective anode impedance, to restrict 
variations due to valve changes, and to allow a signal input 
amplitude equal to that of the other side of the pair, at 
the cathode-follower grid. 

Fig. 7 is a plot of input and output voltage levels on 
each of the logging networks, showing that the 10V (input 
OdB) level develops a 4-4V output OdB level. The addition 
network (Fig. 3) balances the test channel +4-4V against 
the reference channel —4-4V for a true zero output. 

Fig. 7 also shows a 0-9V output for an input 20dB below 
zero level. This corresponds to an unbalance voltage of 
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= 1-75V or 87:5mV/dB at the output of the addi- 
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The experimental values relating the input and output 
signal levels of the log network, which are shown on the 
curve of Fig. 7, make it evident that although the relation- 
ship is clearly logarithmic, the slope of the curve is correct 
for a base of 1-93 and not 2. In view of the fact that the 
resistances of the crystal diode switches were omitted from 
the design, this is quite good agreement. 

Crystals were picked and sorted for use in the circuit 
position most suited to the respective characteristics. Those 
with a low forward resistance were allocated to the lower 
resistance shunts, and those with high reverse resistance to 
the higher resistance circuits. 

Fig. 8 is a curve plotted from experimental values of 
the addition network output voltage when the signal level 
to both reference and test channels was varied over the 
40dB range. 
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Plot of experimental data, using the logarithmic signal 


Fig. 8. 
ratio network 


APPENDIX 

Let R/2°" + ro = pn 

Two conditions must be satisfied in the choice of values 
for R, and Pn- 
(1) Bias voltage 

(n + 1)=E * pna/(Ro + pn) 

(2) Parallel resistances 

Rupa 


nT Pn 


R/2-) = by definition 


Ropo _ x Ro + po = R/*-! x - 
Ra + pn pn n 
ER 
2-“"n + 1) 
Also by inverting equation (2): 
2-1/R=1/Ra + 1/po 
2°-"(n + 1) 
oi cutealas: We 
= [2°-'/ER] [E — (n + 1)] 
ER 
2-(E — (n + DI 
wie Barware ) 
ss E-—-n-1 
R(n + 1) 


XE —n 


. from equation (1) 


Giving Rn = 


. i/p, = From equation (A) 


Fa ro = —_ R/2- 
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An Electronic Transformer 


By T. G. Clark*, A.M.Brit.LR.E. 


A method of transmitting signals along a cable is described. No electronic device is required at 

the sending end and negligible loading is imposed upon the source. Voltage transformation 

independent of the impedance transformation is possible. The cable may be matched, or restriction 
of bandwidth may be accepted when operating in the unmatched condition. 


HE originally posed problem that resulted in the 

development of the electronic transformer was that of 
conveying a function of 100V amplitude and of several 
milliseconds duration from a master generator to a number 
of separate displays, being part of a complex system. A 
number of possibilities were reviewed and rejected either 
on the grounds of inadequate frequency response or of 
excessive loading upon the source. Finally, a property of 
the anode-follower, or see-saw, circuit was utilized. This 
property may be simply stated, the impedance at the pivot 
of the see-saw is low and nominally equal to Z:/A, where 
Z2 is one arm of the anode feed-back network and A is the 


Fig. 1. The anode-follower 





Fig. 2. The d.c. coupled anode-follower 
circuit gain in the absence of feedback. Fig. 1 shows the 
configuration considered and other parameters of the 
circuit. 

Provided that the loop gain of this circuit is sufficiently 
high, the operation is defined by the following parameters: 


A (V./Va) = —(Z2/Z,), the system gain. 


B= 
1+2: 

Zz = (Z:/A), the impedance at point B. 

Z. = (Z1i/ A), the output impedance. 

Point B is the pivot of the see-saw and is at virtual earth, 
i.e., provided that the amplifier is operated in the linear 
regime then this point is substantially at earth potential. 
Typically, for A = 100 and Z: = Z; this point will move 
by 1V for an input signal of 100V. The output impedance 
at point C is low, of the order of 2002 for a simple con- 
figuration. 

Where a shift of d.c. level is required, as in the case of a 
d.c. coupled amplifier, the configuration of Fig. 2 may be 
adopted. In this case the output impedance is given by: 

Z' = ot - 21 =) 


a , the feedback factor. 


Q = 
Zi 


- /AB £1 + Zi /Zn} 
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Thus a shift of d.c. level may be achieved while retaining 
a substantially low output impedance. 

Reactive frequency compensation may. be applied to Z; 
and Z, and to Zr and Za. 

Consideration of the impedance at point B indicates that 
a capacitance may be connected from this point to ground 
provided that the value of the capacitive reactance is greater 
than the impedance at point B, i.e. 

C < (A/wZ2) 

A screened cable offers such a capacitance, provided that 
it is electrically short, and Fig. 1 may now be re-drawn, as 
shown at Fig. 3, to illustrate the final configuration. Point 
B is now connected to point D by means of a screened 
cable. 

Provided basic feedback 


that the bandwidth of the 


Fig. 3. The electronic transformer 


amplifier is not a limitation, then the system bandwidth is 
given by: 


A 


“Ink 
where B system bandwidth 

B bandwidth due to cable capacitance 

1 = cable length 

k = cable capacitance per unit length 

The bandwidth of the basic feedback amplifier is given 
by: 
AB 
27 RiGi 

where B, = amplifier bandwidth 

Ri parallel resistive component of Z; 


B 


Ci parallel capacitive component of Z; 

The system and individual bandwidths are related by the 
expression 

BB. B 
V(B.- + B.) Vl + (B./ BY) 

When it is imperative to match the cable then Zp may 
be made equal to Z., the cable characteristic impedance. 
However, the terminating impedance, Zp, would be a func- 
tion of amplifier gain. The reflection coefficient of a cable 
is comparatively tolerant of a small mismatch, but it is 
better practice to arrange that Zzx < Z,. A padding imped- 
ance may then be inserted to ‘swamp’ the variation of 
Zz and properly terminate the cable. 

The circuit used during the early investigation is shown 


B, = 
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at Fig. 4. For experimental purposes the gain was varied 
by means of VR; and VR:. Without suitable precautions 
variation of Z: would affect the amplifier gain, since Z: 
is basically in parallel with Z:. A cathode-follower, V2, 
effectively disconnects this shunting effect permitting the 
value of Z, to be much lower than Z1. 

In order that the amplifier characteristics would be 
unaffected by the measurement, gain was measured with 
the feedback loop closed. There are several methods, of 
which two were utilized, viz: 

(1) With zero length of cable between B and D and with 

a signal applied to point A, a resistance from point 
B to ground may be adjusted until the cutput is 
halved. The value of this resistance is then equal 
to Z./A and, knowing Z2, A may be calculated. 

















2 
(2 


Fig. 5. The electronic transformer as a mixer 


A; 


22 


An 
} 


+ 


i 


Care should be taken that the d.c. conditions remain 
unaltered during the measurement; for example, a 
capacitance having a low reactance at the signal fre- 
quency may be connected in series with the measur- 
ing resistance. 

(2) With the initial conditions as for the previous case 
the input frequency. is varied to ascertain the ampli- 
fier bandwidth. 

A close tolerance capacitor is chosen experiment- 
ally to provide a system bandwidth appreciably less 
than the amplifier bandwidth. The frequency is 
ascertained at which the response is — 3dB relative 
to the low frequency exposure. Then, 


A wCZ, 


In practice configurations rather more sophisticated than 
that of Fig. 4 have been used for a variety of applications. 
The initial requirement of transmitting high level func- 
tions has found wide application, especially in arrange- 
ments permitting the mixing or splitting of signals. These 
two applications are shown in Fig. 5 and 6 from which 
it is seen that ‘ weighting’ may be introduced by adjust- 
ment of the appropriate feedback impedance. In the case 
of Fig. 6, however, the several outputs must be equal and it 
will be seen that the value of the Z, impedance is a function 
of the number of ‘splits’. A further adaption of Fig. 5, 
shown at Fig. 7, allows signals to be injected at numerous 


ELECTRONIC ENGINEERING 546 


points along the cable. Fig. 8 offers an example of time 
coding. In this case the cable may be lumped line or 
high impedance distributed delay line and, as discussed 
earlier, the line may be matched. Function weighting 
may also be introduced. Other applications include the 
provision of oscilloscope monitor points within an equip- 
ment, the construction of oscilloscope probes, the transmis- 
sion of narrow band signals, e.g. magslip information, over 


am 


Kyi = K2 =Kn 


if 2, + 222 $ 22 


then = at 
2 2, 22 22 


22 2213 Zia S% 


Az A, As ban 


Fig. 7. Another electronic transformer as a mixer 
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Fig. 8. A time coder 

proportionately longer distances. A sawtooth of +100V 
amplitude, of 250usec duration, has been transmitted over 
distances of up to 300yd without impairing accuracy. 
Experimentally, a mile of cable has been used in conjunc- 
tion with a high gain amplifier. 

The system is subject to interference pick-up on the 
outer screen of the cable, this being induced on to the 
inner conductor. The signal gain and the gain to interfer- 
ence assumed to be injected at point B are related by the 
expression 

G;/Gi 
where Gs 
Gi 


However, the effect of interference may be minimized 
by ensuring that the pivot impedance is kept low at all 
frequencies of interest. The pivot impedance is given 
by Z2/(A + 1) and A is a complex quantity approximating 
to a parallel CR circuit. If Z2 is given the same charac- 
teristic the pivot impedance is substantially constant until 
the loop gain has fallen to a level where the approxima- 
tions no longer apply. In severe cases of interference the 


= {5 Z2/Z) 
= system signal gain. 
interference gain. 
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Fig. 9. Protection circuit 


inner and outer conductors of the cable may be connected 
to a difference amplifier, e.g. a long-tailed pair. Since 
the interference signal is equal on both conductors, only 
the signal is present in the output. 

Throughout the discussion it will have been appreciated 
that the system operates provided that the amplifier is 
operated in the linear regime. An overload signal satura- 
ting the amplifier will cause the cable to charge and, 
hence, disable the amplifier for a long time depending 
upon the cable capacitance and the unmodified Z: imped- 
ance. A method of overcoming this situation is illustrated 
at Fig. 9. The diodes conduct when the signal exceeds 
a set positive or negative level, thus the impedance at the 
pivot is then a function of Z: shunted by a low impedance. 
This system permits an effective signal of + 800V to be 
limited to + 40V output with a total variation, after limit, 
of less than 0-1V. Alternatively, the diodes may be re- 
placed by cathode-followers utilizing the low output 
impedance to modify Z. under limit conditions. 


Gain Bandwidth Factor 
The gain bandwidth 


are due to normal experimental error and the finite ampli- 
fier bandwidth. 


Fig. 10 shows the actual system bandwidth plotted 
against cable length for a variety of conditions. Referring 
to Fig. 1 the conditions were as follows: — 

Curve | 

Zi = 15k2Q, Z with 
3-3pF. 
A= 58, Ao = 1. 


1Sk{2 in parallel 


Zi = 39k, Z: 
3-3pF. 
A = 55, Ao = 39. 


15k{2 in parallel with 


Curve 
15k{2 in parallel with 
3pF 


Z, = 56kQ, Z, = 
3 
A = 51, A 


0:27. 
Curve 
Z: = 15kQQ2, Z:2 S6k{2 
4 5S, Ao = 3-7 
Curve 
Zi 1S5k{2, 
12pF. 
A 33; A. & 
curves are offered as early experimental results, 


3-9k{) is parallel with 


0-26 


TABLE 1 





BANDWIDTH (Mc/s) 
4—70, Z; =100 kQ 


BANDWIDTH (Mc/s) 
CALCULATED A=25, Zu=22 kN. 
LENGTH — 

(Feet) CALCULATED 
60 03 02 
40 0°45 04 
20 0-9 Os 
10 18 1°6 


ACTUAL CALCULATED | ACTUAL 








0 3*2 





‘ig. 10. Experimental curves 





factor of an amplifier is 
given by:— 
GB = @m/27C 

However, the _ series 
feedback amplifier that 
has been discussed has a 
gain bandwidth factor as 
follows: 
GB = 2m 2zC x B 22/2) 

= gm/22C x 1/(1+1/ Ao) 

That is, naturally, true 
whether used as an elec- 
tronic transformer or 
otherwise. 





b 
. oo 


Results 


Table | 
initial 


shows the 
experimental 
results. In this case 
Z. = Z, = 10kK2. The 
cable used was Telcon 
T3i71 having Z, = 700 
and a capacitance of 
22pF/ ft. 

The calculated band- 
widths were calculated 
on the basis of the cable 


COAXIAL LENGTH (ft) 


p—e +250V 



































capacitance only, dis- 
crepancies in the table 
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4a 
BANDWIDTH (-3dB)Mc/s 
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giving an indication of the performance that could be 
obtained with a simple configuration and, hence, encour- 
aging further investigation. The response of the amplifier 
was adjusted to be substantially flat with zero cable length. 
However, it was found that the frequency compensation 
should, ideally, be adjusted in conjunction with the re- 
quired cable length. 


Summary of Formula 
V./Vs ={[AB 
Zi 
41+ 2 
The impedance at the pivot 
2: 
Zp = raw Z Af 
A+ | 
> Output impedance of Fig. | 
Z. = Z1/AB 
> Output impedance of Fig. 2 
Z’ =Zn/AB {1 
> Output impedance of Fig. 4 
l 
2m AP 
> bandwidth due to the cable 
Af 
B. Ser. 
‘ 2a kiZ» 
bandwidth due to the basic feedback amplifier 
Ais 
27 Rx1iCi 
> system bandwidth in terms of B, and B, 
B, = Be > PI 
v(l + (B./ By] 


(1+AB)]Z2/Z: }~ Z2/Z: 


System gain A, 


Feedback factor 3 


Z1/Zx } 


zZ*” — 


B 


Relative gain of an applied signal to an interfering 
signal considered to be applied to point B. 
Gs/ Gi B 22/21 
Gain/ bandwidth factor 
i) Lm 


2r Ci 


GB = ©. 


—— 22/2, = 
2aCr 


Summary of Properties 
(1) Voltage transformation independent of 
transformation, both being controllable. 


(2) Negligible loading upon the source 
(3) No electronic apparatus at the source. 


(4) System bandwidth 
length. 


impedance 


inversely. proportional to cable 


(5) The cable may be matched if desired. 

(6) Provided that the system is operated linearly the 
response is substantially equal for negative and posi- 
tive going signals. 

(7) Susceptible to noise pick-up, but this may be obviated. 

No new principles are involved in the operaticn of the 
system, for this reason full derivation of fundamental 
equations has been omitted. It is felt that the applications 
are novel and may provide a more flexible device than the 
ubiquitous cathode-follower. 
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Post Office Electronic Letter Sorter 


The first of the twenty Electronic Letter Sorting 
Machines, ordered by the Post Office for extended trials 
throughout the United Kingdom, has now been delivered 
by The Thrissell Engineering Company, Bristol. 

Using the G.P.O. Experimental Machine as a basis and 
working in close co-operation with Post Office Engineers, 
a team of Thrissell designers has evolved a machine which 
has a number of improvements over the prototype. Elec- 
tronic Instruments Limited of Richmond have worked in 
close collaboration with The Thrissell Engineering Com- 
pany, and have been responsible for the design and manu- 
facture of the electronic equipment used in these machines. 

Comfortably seated at a desk, an operator will be able 
to sort letters on these machines very much faster than by 
hand, with the added advantage that letters can be directed 
into 144 separate boxes as against the usual 48 associated 
with manual sorting. 

The speed with which the letters can be sorted is entirely 
under the control of the operator, and is governed by his 
_ Speed of reading. A skilled operator can deal with 70 letters 
a minute. Although the machine has a cycle time rhythm, 
the operator can key at random just whenever he chooses, 
and the machine automatically compensates and adjusts the 
timing to synchronize as necessary. 

Letters are automatically fed to a viewing window. The 
operator simply notes the destination and then presses one 
of 12 keys with his left hand and one of a similar group with 
his right hand. The letter is then automatically moved into 
a waiting compartment and the next letter comes into the 
reading position. While the previous letter is in the waiting 
compartment, the destination is remembered electronically, 
and if the operator considers that he has misread the 
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address, he can cancel his previous keying by pressing a 
cancel key. 

The previous letter is despatched into the machine con- 
veyor system just as this next letter is read and coded. The 
electronic memory now transfers its information to banks 
of mechanical memories which operate diverters, and thus 
direct the letter first to one of five levels and then to its 
appropriate box. The machine is 17ft long and weighs just 
under 3 tons. The electronic equipment contains 270 long- 
life valves and over 1 000 components. 


The electronic letter sorting machine 
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Efficiency-Diode Scanning Circuits 
(Part 2) 


By K. G. Beauchamp*, C.G.LA., A.M.Brit.I.R.E 


Derivation of E.H.T. 

USEFUL by-product of the scanning process is the 

derivation of e.h.t. for the cathode-ray tube. This is 
made possible by the rapid transference of energy, pre- 
viously stored in the magnetic field of the scanning coils 
during the scan period, into the circuit capacitance. For a 
loss-less circuit these energies may be equated viz: 

1. 2. iiimas)” i ..C . Emax 


giving the potential developed across the coils during the 
retrace period as: 
Emax ii(max) V(L/C) 
In practice a finite Q-factor is experienced, and taking this 
into account the expression: 
E, ax e —- . ii max 


may. be derived. 


V(L/C) . (8) 


This potential is increased by transformer action to 
develop a large peak potential at the pentode anode. By 
winding an additional coil over the transformer windings 
this pulse potential can be further increased in value and 
may, after rectification, be used as e.h.t. for the cathode- 
ray tube. 

The figure for C in equation (8) must now include the 
winding self-capacitance and the value of this will limit 
the e.h.t. capable of being developed. To reduce this capa- 
citance to a minimum a narrow wavewound coil is used 
for the e.h.t. overwind. It is preferable to arrange that only 
a single coil is used in order to develop a constant poten- 
tial gradient across the entire transformer winding. 


E.H.T. Source Impedance 

It can be shown that in an ideal loss-less system the e.h.t. 

source impedance is: 
Z=><(7./C) . Seige se 

where 7, = period of one cycle. 

C = total circuit capacitance reflected into the pen- 

tode anode winding. 
There are two conflicting factors present here. In order to 
obtain a high value of e.h.t. it is necessary to reduce the 
circuit capacitances to a small value and, on the other 
hand, good regulation demands a large value for C. The 
losses present in a practical circuit tend to mitigate the 
effect of C on regulation and, as shown in Fig. 19, the 
effect is less than would be expected from equation (9). 
The influence of C on e.h.t. potential is also shown and 
is seen to follow the relationship Ejmax)x(1/ VC) stated 
previously. 

A practical expression for the initial source impedance 
can be derived from consideration of the reactive power 
circulating in the transformer winding. Let this be P watts, 
then source impedance, Z = (V."/P), where V, is the open- 
circuit potential developed across the secondary. 

Now P will include the reactive power developed in the 
system, and using the notation of Table 1, the source 
impedance may be taken as: 

V’ 


e ye ey 


P.—P. 


* Associated Electrical Industries Ltd., formerly with General Electric Co. Lid. 
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By way. of example the design worked out later produces 
an e.h.t. of 13kV, while the total reactive power is 29W 
giving Z as 5:°3M{2, which compares favourably with the 
measured figure of 6°9M(). 

To some extent the effect of poor regulation on picture 
size may be mitigated if the frame sawtooth generator is 
supplied from the boosted h.t. potential. The frame oscil- 
lator will require a current of only a few milliamperes 
and is thus quite a small load on this source of supply. 
As the tube draws more beam current the reaction on the 
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Fig. 19. 








Effect of circuit capacitance 


line scanning circuit is such that the boost voltage is 
reduced. This in turn reduces the scan amplitudes of both 
line and frame sawtooth currents and compensates for the 
increase in picture size which would otherwise have taken 
place. Thus the effect is to allow a rather poorer regulation 
to be tolerated, and finds extensive use in commercial 
television receivers 


Maximum Value of E.H.T. 
It has been mentioned previously that a limiting factor 
lies in the value of self-capacitance for the transformer 
windings. If a sinusoidal retrace waveform is assumed and 
occurs in one half cycle then the instantaneous value of 

scanning coil current during this period is: 
i (7, /2) . 


retrace frequency 


Sin wil 
where 


TABLE | 


Measurement and Calculation of Power Distribution in a Typical Series Resonant- 
return Scanning Circuit 





WATTS 


610 
5-81 
2-80 
1-35 
0-64 
0-52 
0-64 


2-20 


Calculated scanning power 

Pentode anode dissipation 

Pentode screen-grid dissipation 
Diode anode dissipation 
Dissipation in g, series resistor 
E.H.T. power generated ; 
E.H.T. diode rectifier filament 
Transformer core and copper losses 


Pj 20-06 
Measured input power ’ ' 19-40 
Recovered power due to resonant-return 


action .. oa i> ; Pp 19-20 
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From the simplified circuit shown in Fig. 20 the e.h.t. 
developed is: 


NLylyw 


NLy . (dis / dt) ~ 


L.Ly 
L. + Ly 


where C is the total circuit capacitance reflected into the 
primary winding. 
Therefore : 


w 1/ V(LC) and L = N? 





y 


1 / 


o—_ ———__-— --- -—--— - y 


Fig. 20. Derivation of maximum e.h.t. 


Fig. 21. Scanning coil construction 


+, L,(Ls + Ly) 
: CL. 


This is the maximum e.h.t. available irrespective of turns 
ratio, the addition of more turns to the overwind beyond 
that required to produce this figure will result in a reduced 
value of e.h.t. due to increase in winding capacitance. 


(11) 


Practical Design Procedure 

A suitable commencing point for the design is to decide 
the inductance of the line scanning coils. In order to reduce 
transformer resonance and increase circuit efficiency, the 
inductance of the scanning coils should be high, and ideally 
large enough to enable direct connexion to be made across 
the diode tap 1-4 shown in Fig. 3. This requirement is, 
however, limited by the maximum peak potential permis- 
sible across the coils. With saddle type coils as shown in 
Fig. 21 a working figure of about 2kV represents a safe 
maximum, and leads to a figure of 10mH for the scanning 
coil inductance. While designs for higher peak potentials 
are possible, especially if castillated yoke construction is 
used, consideration of ease in mass-production leads to 
the acceptance of this figure as a fair compromise. 
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SCANNING Coit DESIGN 

The terms of reference in the design of television scanning 
coils can be summarized as follows: 

(1) Good focus uniformity—a small spot of uniform size 

over the entire picture area. 

(2) Correct raster shape—a rectangle free from geometric 

distortion. 

(3) High sensitivity and low losses, especially for the 

line coils, where a high Q-factor is essential. 

(4) Ability to maintain these standards in large quantity 

production. 

The first two factors are, to some extent, incompatible 
and a compromise solution must be reached. This usually 
takes the form of allowing a small amount of pin-cushion 
distortion to be present in order to achieve good focus 
uniformity. With the large tubes designed for 90° defiexion 
this distortion is often corrected by means of the field pro- 


LINE COILS 


Scanning coils having * cosine-squared * wire distribution 


four permanent magnets disposed around the 
cathode-ray tube neck or bulb. 

In order to provide a uniform magnetic field within the 
scanning coil yoke the distribution of wires forming a pair 
of coils should be sinusoidal in shape but with the flat- 
faced wide-angle tubes now in common use, a design of 
this nature will give excessive pin-cushion distortion and a 
better compromise is obtained if the law of wire distribu- 
tion is amended to: 


=a 

=k 
This arrangement also facilitates assembly in that the total 
winding depth results in a true annulus. 


. sin’ 6 for the line coils (12) 
. cos’ # for the frame coils ¥ 


Several practical means are available to achieve this: 

(1) Graded winding’—use of several different gauges of 

wire during the winding of each separate coil. 

(2) Insertion of spacers of different thickness in the coil 

during winding. 

(3) Tapered winding to the shape shown in Fig. 22. 
With the aid of specially designed coil winding machinery 
it is possible to ‘form-wind ’ coils directly into this tapered 
shape, including the bent-up end sections normal to the 
tube axis. This operation is made considerably easier by 
the use of enamelled copper wire covered with a thermo- 
setting coating -001 to :002in thick. This plastic coating 
softens at about 120°C, and by passing current through 
the coils while still in the forming jig, the wires may be 
bonded together by fusion of the coating. When cool the 
coil is removed from the jig and will have the solid form 
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impressed upon it during its formation. A coil yoke formed 
in this may be seen in Fig. 21, together with its constituent 
parts. The yoke core materia! used is ferrite to enable a 
high sensitivity to be realized. 

The sensitivity of the completed coil can be expressed 
as: 


. (13) 


where d = deflexion (cm) 

E = eh.t. in (V) 

ly scanning current (A). 
The coil sensitivity is also shown in graphical form in 
Fig. 23 and shows the deflexion obtained when a known 


d.c. is passed through the windings. From these curves a 
value of /y = 0-85A is obtained at the desired e.h.t. (13kV). 


AUTO-TRANSFORMER CONNEXION 

Continuing with the design the h.t. voltage e, can be 
assumed (say 190V) and the circuit details decided. It has 
been shown” that the use of auto-transformer connexion 
permits not only considerable reduction in size, but 


\Neb.t. [2kv 


\ 


* 
\ eet I3kV 
Sent. 14kV 


o2 03 04 O05 O6 OF O8 O9 
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Fig. 23. Scanning coil sensitivity. (S = 1450) 


increases overall circuit efficiency and reduces undesired 
transformer resonances. Its use, however, involves the 
operation of the boosting diode with a very high pulse 
potential between heater and cathode of about 4 or SkV. It 
is possible to use a low capacitance heater transformer, 
suitably insulated, for this purpose; but two other methods 
find wider application. 

The first employs a bifilar winding having in each wind- 
ing a number of turns equal to the diode winding Ni-; 
and wound upon the other limb of the transformer core, 
(Fig. 24(a)). The heater current is passed through this 
winding so that the cathode and heater are subject to the 
same amplitude of pulse potential developed in windings 
1-4 and 7-8 respectively, (Fig. 24(b)). Care must be taken 
to avoid leakage inductance resonances in these added 
windings and to prevent this a capacitor C is added 
between heater and cathode. Its value is kept fairly low 
(=~ 0-02uF) to avoid injection of 50c/s supply frequency 
into the scanning circuit. 

A second method is to use a specially constructed valve 
(e.g. Osram U329) having a peak heater-to-cathode rating 
of up to 7kV. The cathode construction takes the form 
of a double concentric tube, the cuter tube being coated 
with emissive oxide material. The heater wires raise the 
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adjacent tube temperature and allow the outer tube to be 
heated by radiation from this inner tube. 


THE Drive Circuit 
The controlling waveform for V2 can be derived in a 
number of ways. Nearly all of these incorporate a simple 
integrator circuit, the capacitor of which being either 
rapidly charged through a low impedance and allowed to 
discharge slowly through a resistor R; or alternatively is 
charged slowly through R and discharged rapidly. In either 
case the slow change of potential across C occurs at a rate 
governed by the CR product and is exponential in form. 

For the second case: 

v=£Z. il e-t/ce) 
where v = the instantaneous potential across C. 
t = the time from which C commenced to lose its 
acquired charge. 


(14) 
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Fig. 24. Auto-transformer connexions using bifilar heater winding for a 


If the rise in potential is required to be substantially linear 
only a small amount of the possible rise in potential is 
permitted before C is discharged once more. 

One simpic arrangement for controlling the discharge of 
C is to shunt the capacitor by a valve whose impedance is 
reduced to a low value when a positive pulse is applied to 
its grid. The feedback circuit shown in Fig. 2 is of this 
type but suffers from a number of practical difficulties 
leading to the use of relaxation oscillators to control the 
discharge of (¢ 

These may take the form of a multivibrator or blocking 
oscillator circuits. The multivibrator requires a very small 
synchronization pulse and can provide a very stable oscil- 
lator suitable for d.c. frequency control, and for this reason 
is often found associated with ‘ flywheel’ synchronization 
circuits. 

The blocking oscillator is perhaps the most widely used 
sawtooth generator and a typical circuit is shown in Fig. 
25. Here the cathode, grid and screened grid of V; func- 
tion as a triode oscillator, with the transformer connexions 
phased to give positive feedback from g to g:. Upon 
switching on, g,; begins to draw current and capacitor C 
is rapidly charged negatively and the valve is cut-off. This 
negative charge then leaks slowly away through R; at a 
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rate dependent on CiR:, 





to the potential to which 
Ri is returned When 
the potential across C; 
reaches the grid base 
potential the valve con- 
ducts and the cycle 
repeats. 

The oscillator trans- 
former core losses usually 
provide sufficient damp- 





ing across the transformer 
circuit «oO prevent large 
swings of grid potential 
after C; has _ reached 
its maximum negative 
charge. It has been shown 
elsewhere’ that this is 
important if a rapid re- 
trace is to be obtained. 

Synchronization is pro- 
vided by the application 
of a positive pulse to the 











grid via the transformer T 


windings, slightiy before 
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the valve is rendered 
conductive by the rising 
potential across C). In the 
circuit given in Fig. 26 the 
sawtooth waveform across C; is not made use of directly, 
but a second integrating circuit CR is included in the V; 
anode circuit and in this way inductive elements are 
eliminated from the discharge path and a more rapid retrace 
obtained. 


The Complete Scanning Circuit 
The complete circuit is drawn in Fig. 26 incorporating 
the features described in the preceding sections. A differen- 


——«- ht 
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Fig. 25. Blocking oscillator sawtooth generator 


tial width control is included and a _ controlled-diode 
linearity circuit usec. The major circuit element yet to be 
discussed is the transformer 7; and it is proposed to con- 
sider this now in relation to the theory previously described. 

Transformer efficiency has been made the subject of an 
analysis by Friend” based on the equivalent circuit for the 
output transformer shown in Fig. 27(a). From this an 
expression may be derived for the deflexion factor Fa 
which may be defined as the ratio of scanning coil ampere- 
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Fig. 26. 


$52 


to frame scan circuit 


Complete scanning circuit 


turns required by a practical transformer to that necessary 
with an ideal transformer. This has been shown to be: 
Fi 
1 -4 

IL. Ls (1/k? — 1) + (2/k* — 1) 4 | 

\ k?. L./L-| 

where L, is the secondary winding corresponding to L;-3. 
This expression may be differentiated to give a figure for 
maximum F,4, 


. (15) 


Fa max 





U-A)Lp (I-k)Lp 


(biti 


LLL 
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Ly 
Efficiency of lime scanning transformer 
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Fig. 27. 


The efficiency of the transformer is therefore very depen- 
dent on the coupling factor k and a series of curves has 
been compiled from this expression in order to illustrate 
this point and are shown in Fig. 27(b). One may use these 
to find the optimum value for Ly/Ls, given a figure for k 
(obtained from a test transformer winding). Due to leak- 
age inductance resonance it is preferable to use a some- 
what lower value than that found from expression (16) 
and a figure of 0-7 Lsimax)/Ly is often used. 
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With k = 0-998 (a typical value using ferrite material for 
the transformer core) 
Ls/Ly = Li-3/Ly = 12 
10mH, 
Li-3: = 84mH 

From Fig. 27, Faimax) = 0-92 showing a loss of 8 per cent 
scanning power. To this loss can be added that due to the 
inclusion of linearity and width coils, say 20 per cent, 
giving a total scanning current requirement of: 

Iy x 1:28 = 109A 

Now the voltage developed across Ly during the scan 
period is given as Vy = Ly . dly/dt volts, and as this is 
constant during the scan, one may. write: 

Vs Lyly/Ts volts 
where 7, = Total scanning period in seconds. 
The volt-amperes required by the scanning circuit is there- 
fore: VA=1-09V;, and substituting the figures given 
above V, 110V, so that VA = 120VA. 

To find the peak current flowing in winding 1-5, the 
potential developed across this will require to be known. 
This will be the difference between the boosted potential, 
Vy = es + ey, and a minimum anode potential V, for Vo». 
This latter will vary a little with different valves, but in any 
case will be small compared with the boosted potential. A 
limit can be assigned to V», say 450V, and V, taken as 
about 60V, giving: 


So that for L, 


(17) 


VA 
I »-» 285mA 
Vi — Va 
V: will be required to supply just over one half of this, 
say 55 per cent, so that the peak anode current for this 
valve will be approximately: 
ip = 0-55]y-p = 157MA 

A mode of operation is chosen such that the diode is just 
cut-off when the pentode anode current reaches this figure. 
This gives the root of the diode curve immediately below 
this value of 7,, so that: 


Potential across 1-5 450 — 60 ne IN ' 
1 


Potential across 1-4 450— 190 : 
This gives the transformer ratio required between V; and V2. 
The boosting diode tap must be such that V; is at or near 
cut-off when V2 is conducting, and can be found by equat- 
ing V; cathode and anode potentials during this period. 
1.e. : 

V. 
V» es 


The transformer may now be wound (less e.h.t. winding), 
but before doing so it is necessary to determine the work- 
ing flux density to ensure that the core material is not 
saturated by the large currents flowing through the trans- 
former windings. 

The choice cf core material for resonant-return trans- 
formers will be governed by the permissible losses, and 
although nickel-iron and dust-cores have been used, the 
very small eddy-current loss and high permeability of 
ferrite materials renders their use very attractive indeed. 
Ferrite materials are of ceramic-type composition and 
characterized by their very high specific resistance (of the 
order 10° to 10°2/cm*) and consequently low eddy-current 
losses. Of the two main types available commercially in 
this country, the Mn. Zn ferrite (Mullard Ferroxcube 
‘A’) has been found most suitable for scanning trans- 
former service. As the material tends to saturate at a com- 
paratively low flux density a gap may be necessary to 
increase the reluctance of the magnetic path. 


Nu = 
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Using Ferroxcube A2, the saturation flux density is 
B = 350mWB/m* and the relative permeability «, = 400 
The total transformer flux is given as: 


BA m.m.f. Wb 


total reluctance 


so that with a small air-gap, 


B ae 


-~. Wb/m 
1/(ur/ uo) + 1 r 


where / = length of magnetic path (m) 

l’ = thickness of air-gap (m) 

u incremental permeability 

u magnetic space constant = 47 x 10 

F = m.m.f Nis X ipa 
The core shape shown in Fig. 28 has a magnetic path 
length of 15-6cm and the substitution of values, stated pre- 


Fig. 28. Scanning transformer construction 


viously, in equation (18) gives / = -008in, thus two paper 
gaps, each of -004in are required, placed in each limb of 
the transformer core. 

The transformer is layer wound and provision included 
for adjusting the diode and pentode taps on either side of 
those calculated. The circuit of Fig. 26 is set up and pre- 
liminary adjustments made; a separate source of e.h.t 
being used for the tube. R, is set to ensure that g, dissipa- 
tion is within the valve rating, and the drive adjusted by 
either C, or Ri, so that the picture does not quite ‘fold’ 
about the screen centre. This indicates correct amplitude of 
drive waveform, approximately twice the valve grid-base 
potential. Adjustment of transformer tappings can be carried 
out to secure optimum performance, and the peak poten- 
tial at V. anode measured. 

The e.h.t. overwind step-up ratio can then be determined 
and this winding added to the transformer. To avoid 
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breakdown during initial testing a film of wax is spun over 
the e.h.t. overwind prior to assembly. Resonance effects 
within the e.h.t. winding can effectively alter the expected 
value of e.h.t. dependent on the phase relationships of the 
pulse voltage components. This is especially true of the 
Tourshou circuit and is responsible for the lower maxi- 
mum value of e.h.t. obtainable with this circuit. 

Finally another transformer is wound, less intermediate 
tappings, and performance checked after wax impregna- 
tion. The addition of a coat of wax over the transformer 
will increase the self-capacitance and reduce the derived 
e.h.t. by some 3 to 5 per cent and due allowance should 
be made for this. 

The heater supply for the high-voltage diode rectifier 
may also be taken from the scanning transformer. A few 
turns of Polythene insulated wire around one of the core 
limbs as shown in Fig. 28 will provide sufficient flux 
linkage for the 3 to 4W of heater power required. 


TRANSFORMER IMPREGNATION 

To avoid corona with its possibility of causing surface 
tracking and eventual breakdown it is essential to take 
great precautions in the finish and impregnation of the 
completed transformer design. Porous hygroscopic ma- 
terials, such as press-pahn, should be avoided in trans- 
former assembly and the lead-out terminals spun into high- 
grade Bakelite or similar material (a ceramic moulding has 
been used by one manufacturer). 

Two prevalent causes of premature failure are moisture 
and small air-pockets trapped within the windings. Small 
air-pockets are a particularly potent cause of breakdown 
as the sudden change of dielectric in the pocket region can 
give rise to high potentials and intermittent arcing across 
the air-space. The value of a constant potential gradient 
has been referred to earlier and the use of vacuum impreg- 
nation techniques will provide an additional safeguard. A 
procedure found very effective by the author is to dry the 
transformer thoroughly for several hours in a temperature 
of 220 to 240°F and then vacuum impregnate at this 
temperature in Ozokerite wax. Immediately upon removal 
from the vacuum tank the transformer is given a dip in 
bitumen wax at a temperature of 300 to 350°F. This pro 
vides a protective coating against damage due to careless 
handling and also serves to anchor rigidly the lead-out 
wires. 


MAGNETO-STRICTION EFFECT 

One practical disadvantage of using ferrite core material 
is the very pronounced 10kc/s whistle produced with the 
British 405 line system. This is due to magneto-striction 
vibrations at the butt joints of the U-shaped cores, and 
can be overcome by bonding together the core so that the 
transformer vibrates as one homogenous mass. The trans- 
former may then be rubber-mounted and little audible 
whistle transferred outside the receiver cabinet. A very 
suitable method of core bonding for ceramic-type 
materials is to make use of the synthetic-resin techniques 
ef which ‘Araldite* is probably the best known example. 
This is an epoxy-ethane resin and polymerizes without 
giving off any volatile by-products, an important factor 
as ferrite is not a porous material and any by-products 
would be trapped within the joint and prevent a good bond 
from being obtained. 


Scan DISTORTION 

A fundamental aim in scanning circuit. design is to 
produce a linear trace free from variations in scan velocity. 
One type of distortion has already been discussed; i.e., the 
expansion at the commencement of the scan due to curva- 
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ture of the diode characteristic. Several other causes of 
distortion are possible and may initially be present in a 
preliminary design. 

One of these arises out of the necessity to scan linearly 
a tube having a large radius of curvature for the screen 
face. This difficulty has been discussed elsewhere“, wherein 
it was shown that to produce a linear scan under these 
conditions the scanning current waveform should assume 
the ‘S’ shape shown in Fig. 29. 

To produce this a parabolic correction waveform should 
be added or subtracted from the linear rise of current 
through the coils The correction waveform may be derived 
from the potential developed across a capacitor C inserted 
in series with the scanning coils, the amplitude of the 
correcting waveform being given as: 


T./2 


v=(1/C) [ .i.dt.. 


2. 


where / = kt = rate of change of sawtooth current through 
coils. 
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Fig. 29. Scanning current requirements for flat-faced cathode-ray tubes 


Adjustment for this correction is obtained by choice of C, 
a value of between 0-1uF and 1-OuF being usually required. 

Alternatively the ripple potential across the boost storage 
capacitor C, (Fig. 3) may be utilized and added to the 
supply for V2. This provides an economical method and has 
been adopted in Fig. 26 by suitable choice of C>». 


TRANSFORMER RESONANCES (* RINGING ’) 

A second form of distortion is due to unwanted resonan- 
ances in the transformer and associated components. A 
simplified circuit which may be used. to illustrate this is 
given in Fig. 30, and shows the leakage inductances and 
stray capacitances of the scanning circuit. 

Such a system is capable of oscillating at several fre- 
quencies simultaneously. The main magnetic flux around 
the circuit will resonate at a frequency of about SOkc/s 
during the retrace period. Superimposed upon this will be 
smaller oscillations of a much higher frequency, which are 
due to leakage reactance resonances. These may modulate 
the constant potential across Ly during the scan period and 
hence affect the scanning current through it. The effect of 
this is displayed on the screen as a series of vertical stria- 
tions of varying light intensity and diminishing effect to- 
wards the right-hand side of the picture. In particular the 
e.h.t. overwind has a large number of turns, and usually is 
constructed as a narrow wave-wound coil. Consequently 
its leakage inductance is large, giving rise to a large storage 
of energy in L; during the retrace period. This energy will 
cause oscillations to take place around the circuit 
C;, Ls, Ls, Vs and an alternating potential is developed across 
L; which will have the effect of modulating the current in 
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Ly during the first part of the scan. Also when V;2 is cut-off 
at the beginning of the retrace period the stored energy in 
L, will flow into C, and cause oscillation between these two 
components. Oscillations between L; and C; are possible in 
a similar manner when V; is cut off. The leakage induct- 
ance L, is not important as it forms part of the scanning 
coil resonant circuit and oscillates at the fundamental 
resonant frequency. 

Fortunately by using an auto-transformer connexion and 
ferrite core material coupling coefficients of k = 0-998 can 
be obtained and L; and Ly are very small. It is not possible 
to obtain such a high figure with the e.h.t. overwind and 
for k = 0-88 (a typical figure), L; = 100mH and will be 
responsible for almost all the ringing experienced with a 
completed transformer design. 


























= 


Simplified scanning circuit showing leakage inductances and 
stray capacitances 


Fig. ¥. 


One method of reducing this ringing is to increase the 
impedance around the path C;, L;, Ls, Vs by winding the 
e.h.t. overwind with resistance (Eureka) wire. The Q-factor 
can in this way be reduced by a factor of 40 to 100 times 
which is sufficient to reduce the ringing to negligible 
proportions. 

Although this method is effective it has two attendant 
disadvantages. A certain amount of power is dissipated 
within the e.h.t. overwind reducing the overall transformer 
Q-factor and affecting efficiency, and secondly the dissipa- 
tion of this power in the form of heat within the winding 
will increase the coil temperature and may soften or even 
melt the protective wax covering. Another solution is to 
insert a strip of nickel-iron alloy such as Mumetal or 
Radiometal between windings 1-5 and 5-6 in a somewhat 
similar manner to the electrostatic copper screen inserted 
between primary and secondary of some mains trans- 
formers. This screen should not form a complete turn 
otherwise the shorted turn so formed will absorb a large 
amount of the circulating energy. 

As the added Mumetal strip will be situated within a 
strong alternating field it will localize the flux near the strip 
and energy will be required to enable the flux in the 
material to go through a cycle of magnetization. This 
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power loss becomes quite large as the frequency is raised, 
so that losses at the ringing frequencies, 200 to 600kc/s, 
will be large compared with those, at the fundamental 
resonant frequencies. As hysteresis losses can be repre- 
sented by a series resistance, the Q-factor of the e.h.t. 
overwind can be considered to be decreased at the higher 
frequencies. Thus only the energy stored in the leakage 
inductance is dissipated as heat losses, and as this is 
relatively small, little loss of overall transformer efficiency 
is experienced. 


OTHER CIRCUIT RESONANCES 

Other forms of ringing are possible and one prevalent 
source is due to resonances within the scanning coils. This 
form of ringing also occurs at the left-hand side of the 
screen and is caused by assymetry of the scanning coils. 
This may be removed by tuning the half of the scanning 
coils having the least stray capacitance with a mica- 
compression trimmer of some 10 to 100pF capacitance” 
suitably insulated to withstand the high pulse potentials 
present across the coils during the retrace period. (C; in 
Fig. 26.) 

Mention has already been made of the resonances due 
to the series section of the width coil. Similarly resonance 
of a saturated reactor coil is also possible, and appropriate 
precautions need to be taken. It is worth mentioning at 
this point that although the added inductive elements may 
be rendered non-resonant by the addition of a damping 
circuit, the complete circuit can behave as a capacitance 
at certain frequencies. This capacitance can resonate with 
the transformer leakage reactance and some ringing may 
occur. The solution lies in placing the coil, together with 
its associated CR damping circuit between the two 
scanning coils as shown in Fig. 26. The leakage inductance 
is now ho longer directly associated with the circuit and 
this source of ringing obviated. 

An unusual form of ringing is possible with the Tourshou 
circuit briefly described previously. It is a condition of 
normal operation with this circuit that V; must remain 
conductive during the entire scan period (Fig. 4). Should 
V; cease to conduct at any point in the cycle then, as the 
scanning coils are not magnetically coupled to the 
inductance L, in the anode circuit, there is nothing to 
prevent resonances of either L, or La from varying the 
steady potential across L,. This condition is most likely 
to occur towards the end of the scanning period when 
the energy stored in L, is greatest. Consequently ringing 
due to this cause will be observed at the right-hand side 
of the screen and continue with diminishing intensity 
towards the picture centre 


PERFORMANCE MEASUREMENTS 


Apart from routine measurements of component values, 
valve operating conditions, etc., certain measurements are 
peculiar to scanning circuit design and to complete this 
article a few are given below 

Calculation of anode dissipation for power valves 
handling non-sinusoidal waveforms, such as the line output 
valve, is difficult, although an approximate method suitable 
preliminary calculation has been stated elsewhere™. A more 
accurate method is to use the heat radiated from the anode 
as a measure of the power dissipation. A thermo-pile may 
be used to produce an e.m.f. proportional to the anode 
dissipation under normal working conditions. This reading 
may be noted, and the valve then operated with d.c. poten- 
tials applied direct to its electrodes. These are adjusted 
until the same reading is obtained as before; providing the 
screen grid dissipation has been kept constant then the 
anode dissipation can simply be evaluated 
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Unfortunately the method does not allow continuous 
monitoring of anode dissipation to be made while circuit 
adjustments are carried out, also due to thermal inertia 
each measurement takes some time to make. A direct- 
reading electronic watt-meter has been described by 
Garrett and Cole” in which these limitations are avoided. 
The instrument is rather complex and consists of a 1OMc/s 
carrier oscillator which is modulated first by the current 
and later by the voltage waveform of the output valve 
to be measured. The instantaneous product is recovered 
and may either be integrated to give an average power 
figure or passed through a peak detector for peak power 
measurement. 

To measure the heater power for the e.h.t. diode rectifier 
a thermal meter may be used which will give an r.m.s. read- 
ing independent of waveform. Sufficiently accurate results 
can sometimes be obtained by comparing the brightness of 
the diode filament with another diode fed from a measur- 
able d.c. source. 

The final criterion of a scanning circuit is its linearity, 
and in order to check this, some form of pattern generator 
is required, or alternatively the BBC test card used. In 
either case measurements are taken of the distance between 
pairs of vertical bars along the screen tace. The linearity 
can be expressed either graphically or as a percentage varia- 


tion about the mean bar spacing. A single figure can be 
given of the greatest departure from exact linearity as a 
percentage of mean bar spacing. 
e.g. 

200 (a b) 


Non-linearity = 
a+h 


per cent 


where a = width of widesi bar spacing 
b = width of narrowest bar spacing. 

For greatest accuracy care must be taken to include the 
error arising due to the curved face of the tube” which can 
be comparable with the largest percentage of non-linearity 
tolerable. 
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New Radar Speed Check 


Marconi’s Wireless Telegraph Co. Ltd announce the produc- 
tion of the first radar speed check equipment to be designed 
and manufactured in Great Britain. The device is known as 
‘PETA’ (Portable Electronic Traffic Analyser). 

*PETA’ removes one of the major objections to the use of 
radar as a means of checking the speed of road vehicles in that 
it can discriminate between individual vehicles even under con- 
ditions of dense traffic. It will provide separate readings on 
vehicles which are only 8ft apart and will automatically ‘* lock 
on’ to any individual reading if so desired. The speed range 
of the equipment is from 2 mile/h to 80 mile/h, but this can 
be extended if required. The accuracy of speed assessment is 
within 1 mile/h. 

*PETA’ employs the Doppler effect and this in conjunction 
with the extremely narrow horizontal teamwidth of the radiated 
signals (between 3° and 4°), provides simplicity of design, 
portability and high accuracy of measurement, giving the user 
a device which a for no technical skill in its operation. An 
extensive use has been made of transistors and printed circuits 
in order to achieve compactness and light weight. 

The complete equipment, which weighs only 211b, consists 
of a transmitter/receiver unit with its associated aerial, and a 
meter unit. 

In practice, the aerial unit forms a baseplate for the trans- 
mitter/receiver unit. The equipment is placed in the open boot 
of a car with the aerial facing the oncoming traffic, or taken 
outside as convenient. The natural ‘ squint angle’ of the aerial 
is such that when the latter is physically at rignt angles to the 
road the transmitted beam is directed at the required angle of 
20° to the line of traffic. 

The transmitted beam is reflected from the vehicle con- 
cerned and is picked up by the receiver, which measures the 
difference in frequency between the transmitted signal and the 
received one. This change is occasioned by the movement of the 
vehicle; the frequency difference is proporticnal to the speed at 
which the latter is travelling. A voltage signal, proportional to 
the change. is transmitted over a convenient length of cable to 
a meter which is directly calibrated in mile/h or km/h and thus 
provides instantaneous information upon the sveed of the 
vehicle. 

The potential uses of ‘PETA’ are by no means confined to 
the operation of speed checks. By the use of a 35mm camera 
attachment and an analyser unit which is in the course of 
development, a record can be provided of the speed and fre- 
quency of traffic at any particular road point. 

The standard version of the equipment incorporates a single 
channel system; if discrimination between near and far lane 
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traffic is required a double channel system is available for 
fitting as an optional extra. 

The equipment operates in the X band and gives an f.m./c.w. 
output of 4 to 10mW from a klystron feeding into a slotted 
waveguide aerial with flare. 


* 


The speed 


check equipment 
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Measurement of Small Time-Intervals in 
an Electronic Torquemeter 


By H. Rakshit*, D.Sc., F.Inst.P., F.N.L., 


and S. C. Mukherjee? 


The measurement of torque or twist of a rotating shaft transmitting mechanical power, in terms 
of time-interval and revolutions per minute is discussed. When the speed of revolution is high, 


rotation through this twist 


microsecond. A 


the time of 
fraction of a 
distance by 


angle 
technique for measuring such small time-intervals from a remote 
the method of coincidence of two pulses with electrical delay circuit is suggested. 


becomes very small, of the order of a 


Operation of a number of delay circuits has been specially studied and the Sanatron type has been 


found most convenient. 


With the help of this circuit and by using a new technique of coinci- 


dence, it has been possible to measure time-intervals with an accuracy of O-\usec and hence 
torque at very high speeds. A suitable device for aural-cum-visual detection of coincidence has 
also been developed for operation of the torquemeter in noisy surroundings 


T is well known that a shaft transmitting mechanical 

power is subjected to a torque or twist whose magnitude 
is a measure of transmitted power. Such power is often 
measured by. means of a suspension and a weighing appa- 
ratus, but this method is not suitable for systems with 
high speed revolution or for operation from a remote 
distance. Stroboscopic methods are also unsuitable for 
remote operation. The twist in the rotating shaft can 
also be measured by using suitable strain gauges and 
this can conveniently be operated from a remote distance 
but the speed limit of the shaft is restricted. Thus an early 
torquemeter due to Ford’, based on change of inductance 
between two similar transformers fixed at a known dis- 
tance apart on the shaft, which was designed to measure 
torque on the propeller shaft of ships having limited 
speed, is not suitable for high speeds. 

A new type of electronic torquemeter has recently been 
described by Rakshit and Mukherjee*® in which the torque 
or twist of a rotating shaft, transmitting mechanical power 
can be measured with a high degree of accuracy ‘from a 
remote distance by a method based on the principle of 
delayed coincidence of pulses. Development of such an 
instrument was necessitated by the absence of any suitable 
apparatus for measuring the power transmitted by a shaft 
rotating at very high speed (say 15 000rev/min). 

In the new system two sharp pulses of voltage are pro- 
produced in two magnetic pick-up coils due to the change 
in flux caused by two balanced blades of magnetic material 
fixed at a known separation on the rotating shaft. Initially, 
when the shaft is running free without any load, the 
positions of the pick-up units are so adjusted that the two 
pulses occur at the same instant. When the shaft transmits 
power, it will undergo torsional deflexion and as a result 
the pulses will be separated by a small interval of time, 
which is dependent upon the angle of twist and the rota- 
tion speed of the shaft. It has been suggested® that the 
speed of the shaft can be measured with great accuracy 
by the method of coincidence of two sets of recurrent 
pulses. Thus the main problem in the electronic torque- 
meter is to measure the very small time interval between 
the two pulses. This interval T is given by 


T = ©/6nsecond .... » Gp 


amount of twist angle in mechanical degrees 
between the two blade positions, 


and n = speed of the shaft (rev/min). 


where © = 


* Indian Institute of Technology, Kharagpur. 
+ Bengal Engineering College, Howrah 
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Thus when n 15 000rev/min and © 0-1° which is 
the permissible full load twist angle per foot of mild steel 
shaft, T becomes approximately 1-1 usec 


Theory of Operation of Torquemeter 

The term time-interval in connexion with this work 
can be defined as the time that elapses between the occur- 
rences of identifiable portions of two waveforms generated 
separately in two pick-up coils. The nature of the 


Fig. 1. Generated voltage in pick-up 


generated waveform as seen on the screen of a cathode- 
ray oscillograph at a shaft speed of 1500rev/min is 
shown in Fig. 1, in which it is evident that the portion 
of the curve through the point a is most well defined. 
The negative going pulse from point a of the waveform 
has therefore been taken as the identifiable portion of the 
pulse for measurement of time-interval. Since the two 
sets of pulses are generated by the same source having a 
constant repetition frequency, the first pulse occurring in 
advance on the time scale is ahead of the second pulse 
by the same amount every time. As a result, if the first 
pulse is delayed with respect to the second by the appro- 
priate amount then these pulses will always coincide. A 
technique of detecting coincident pulses by aural and 
visual methods has been specially developed for the 
purpose and will be described later. In the operation of 
the torquemeter unit it will be noted that the delay of the 
small time interval should be continuously variable. Elec- 
trical delay circuits have special advantage in this respect 
and the delay can be smoothly varied over a wide range 
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as required. The minimum delay cannot however be 
reduced to zero. This difficulty can be overcome if two 
delay circuits are incorporated in the two channels 
corresponding to the two pick-up coils, so that the 
output pulses from both of the sources initially under- 
go the same amount of delay. Alternatively, an initial 
fixed delay of not less than the minimum delay of the 
circuit may be introduced in one of the channels and the 
variable delay of the other channel adjusted for init‘al 
coincidence. This initial fixed delay can of course be 
introduced by fixing the two blades with a pre-determined 
angular separation dependent upon the operating shaft 
speed according to equation (1). Since the angular 
separation is to be altered as the speed is changed, this 
arrangement makes the torquemeter less flexible. Further, 
since 6T = — @.6n/6n’, it follows that if only one delay 
circuit is to be used, along with initial twist @., there will 
be a jitter proportional to ©, if the speed varies. Under 
load conditions the jitter due to variation in speed will 
increase since the overall © then increases. To keep such 
jitter to a minimum it is therefore desirable to keep ©. 
to a minimum, obviously. showing that it is preferable to 
use two delay circuits with the requisite initial delays and 
thus work with zero initial twist. The block diagram of the 
arrangement is given in Fig. 2. 
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2) Miller sweep generator, which includes the Phantas- 
tron, Sanatron and Sanaphant circuits. 


Owing to the exponential nature of the timing waveform 
of the multivibrator circuit, the delay cannot be controlled 
linearly. The Miller sweep generator or Miller integrator 
produces a waveform which varies linearly with time. In an 
idealized Miller integrator, which is essentially a feedback 
amplifier, the output voltage is given by 


Eouw = A Ea} 1 — exp TO 
(1 + A)RC 


where Ea. is the d.c. voltage applied to the series grid 
resistor, A is the stage gain and RC is the time-constant 
of the timing circuit. If t<(1 + A) RC, 

Eout = Eac.t/ RC, approximately for large values of A. 


The use of a linear rather than an exponential timing 
waveform leads to a very important advantage, namely 
that the delay can be made a linear function of an input 
control voltage through a precision potentiometer with a 
linear s¢ale. 

The Phantastron, Sanatron and Sanaphant are the three 
main delay circuits, the sweep waveform of which can be 
varied linearly by controlling a d.c. voltage. The total 
variation in delay required in an electronic torquemeter 
for covering the entire range of opera- 
tion is of the order of 20usec. The 
Sanatron and Sanaphant although 
more complex than the Phantastron, 
can generate fast waveforms with a 
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Fig. 2. 


The pulse from each pick-up is fed to a pulse amplifier 
channel whose output triggers an electrical delay circuit. 
The delayed output pulse triggers a thyratron type pulse 
generator and two such negative outputs obtained from 
the two corresponding pick-up units are applied to the 
coincidence system, which gives a large output only when 
the two pulses coincide. 

The different units in each channel are associated with a 
small inherent delay due to their operation. For satis- 
factory measurement of a small time-interval, it is essential 
that the inherent delays of these units should be as small 
as possible and highly stable, as otherwise the jittering 
effect between the two delayed pulses will not give accu- 
rate results. 


Electrical Delay Circuits 

The basic operating principle of all electrical delay cir- 
cuits is similar to that of the relaxation oscillator, which 
when properly triggered by a pulse will generate a single 
sweep. The sweep speed is determined by an RC differentiator 
in the circuit and the time during which the sweep waveform 
runs can be controlled by d.c. voltage with a precision 
potentiometer. From the terminating point of the sweep 
an output pulse delayed with reference to the input trigger- 
ing pulse is obtained. Taking into consideration the 
nature of the sweep waveform, electrical delay circuits 
can be classified in two groups: 


(1) Exponential sweep waveform, i.e. triggered multi- 
vibrator or univibrator. 
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Phantastron’s ability to generate a short 
delay, as by mere reduction of the 
time-constant, CR, the sweep speed 
cannot be increased owing to reduced 
screen dissipation’. Another disadvan- 
tage is that the end of the sweep, or 
Miller run-down, in the Phantastron is 
governed by the ‘ bottoming’ of the anode potential, which 
may vary occasionally. As a result the total delay is not 
constant and hence the timing accuracy not very good in 
the Phantastron. In the Sanatron and Sanaphant, on the 
other hand, the sweep is ended at a fixed d.c. potential of 
the anode by the conduction of a diode. It has been 
found experimentally that the timing accuracy of a single 
Sanatron generating 20usec delay is very high and the short- 
time variation does not exceed about 0-Olusec. The per- 
formance and complexity of Sanaphant is intermediate 
between the Sanatron and Phantastron. In comparison to 
the Sanatron the Sanaphant shows larger variations in 
delay when the operating conditions change‘. It has been 
shown in Fig. 2 that two electrical delay circuits are re- 
quired for measuring the time interval. With such an 
arrangement, a time interval of 20usec can be measured 
by using either two Phantastrons or two Sanatrons in the 
two channels, although the generated delay in a practical 
Phantastron circuit is comparatively larger than 20usec. 
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STABILITY OF PHANTASTRON AND SANATRON 

Before finally selecting the Sanatron in view of its advan- 
tages as discussed above, the stability of the Sanatron and 
Phantastron was estimated experimentally. The arrange- 
ments used for the purpose are shown in Figs. 3 and 4. It 
will be seen from Fig. 3 that the negative reference pulse 
simultaneously triggers the two Phantastrons. The delayed 
output positive pulses from these are amplified by suitable 
pulse amplifiers and are finally used to excite two blocking 
oscillators. The delays in the two Phantastrons are so 
adjusted that the sharp output pulses from the two block- 
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ing oscillators differ by a very small interval of time. The 
pulse occurring earlier is used to trigger a fast time-base 
and the other pulse is viewed on this time-base. The 
repetition frequency of the negative reference pulse was 
50p/s. The arrangement for the Sanatron is very similar 
(Fig. 4). In order to trigger the Sanatron the reference 
pulse was derived from a low impedance cathode-follower 
source. For such an operation it is also essential that the 
negative pulse should have sharp leading edge because the 
triggering of Sanatron is done through a series diode. 
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Fig. 3. Block diagram for phantastron testing circuit 
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Fig. 4. Block diagram for Sanatron testing circuit 


If the timing stability of the two channels is high, the 
viewing pulse from the second channel will remain station- 
ary. on the triggered time-base of the cathode-ray oscillo- 
scope. On the other hand the position of the viewing 
pulse will shift back and forth in case of instability or 
jittering of the timing circuit. 

The observed timing stabilities of the two types of circuit 
are given in Table 1. It is seen that the percentage jitter is 
smallest in the Phantastron with 2 500usec maximum delay 
but in the Sanatron it is the same for different maximum 
delays. In the present work the absolute value of jitter 
is more important, since a very small time-interval, of the 
order of 1-Ousec will have to be measured with precision 
The Sanatron designed for small maximum delay would 
therefore be more useful. The leading and trailing edges 
of the output waveform in the Sanatron being sharp, the 


TABLE 1. 
Experimental Observation of Phantastron and Sanatron. 





TIME-CONSTANT JITTER PER- 
(SEC) | CENTAGE 
| JITTER 


MAX. 
POSSIBLE 
DELAY (SEC) 


CIRCUIT 
R(MQ) ec 


Phantastron 0-002 
0-013 
0-01 
0-01 


0-05 
0-02 
0-25 
0-004 


2500 1 
Phantastron 150 l 
Sanatron 2500 1 
Sanatron 40 


0-01 uF 
500pF 
0-01 uF 
200pF 
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delayed output is obtained by a process of differentiation 
and rectification. The delayed negative output is further 
phase inverted by means of a pulse amplifier in order to 
trigger the sharp pulse generator in the next stage. 


Sharp Pulse Generator 


The accuracy of measurement of a small time-interval 
between two pulses is dependent upon the sharpness and 
also the duration of the pulse. The delayed output from 
a Sanatron being unsuitable for precision measurement, the 
operation of a number of triggered pulse generators was 
studied. It has been observed that by a proper choice of 
circuit components a triggered thyratron can generate 
very sharp pulses with rise-times and width estimated to 
be less than 0-01 and not more than 0-04usec respectively 
The stability of operation of a thyratron has been found 
to be very high in comparison to blocking oscillator and 
other sharp pulse generators. The inherent delay between 
the input triggering pulse and the sharp output pulse of 
thyratrons has been observed to be different for different 
valves, and this delay changes whenever the repetitive fre- 
quency of the X triggering pulse or the time-constant RC of 
the pulse forming circuit is changed. By using type 2050 
or 2051 valves, which possess steep anode voltage-grid 
bias conduction characteristics, this difficulty has been 
avoided. In order to prevent interaction due to firing 
between the thyratron and the timing circuit with the Sana- 
tron, a cathode-follower has been used between the stages 


Coincidence Technique 

In a typical coincidence method, the two pulses are ap- 
plied to the grids of two valves with a common anode load 
resistance. A large output is obtained only when the two 
pulses occur simultaneously. When the pulses are not in 
unison the amplitude of the output is negligibly small. The 
resolving time which is defined as half the maximum time 
separation for which the pulses will remain coincident is 
obviously dependent upon the pulse width. In the case 
of two identical rectangular pulses the resolving time be- 
comes equal to the width of each pulse. In general, the 
resolving time and hence the accuracy of coincidence is 
a function of the pulse width. If the common anode load 
in the conventional Rossi circuit is not very small, with 
resulting decrease in output, the accuracy of coincidence 
is low for pulses of small length. In order to increase the 
accuracy of coincidence without undue reduction of output 
a new method of coincidence has been developed as shown 
in Fig. 5. 

Valves V; and V» are two triggered thyratrons for 
generating very sharp pulse. The resistance r controlling 
the width of the output pulse from V: and V2 is common, 
so that when the two pulses are in unison, a large negative 
pulse is obtained across r the shape of which does not 
distort due to the additive effect of the two individual 
sharp output pulses. When the pulses are not in unison, 
the output becomes less than half of the amplitude of the 
coincident pulses. Valve V2, normally. a triggered thyratron. 
has been used as an amplitude discriminator for the output 
across r and the negative grid bias is so adjusted that the 
valve V; fires only when the output across r exceeds a 
certain péak value. The amplitude of the input discrimin- 
ating voltage can be adjusted to 80V (peak) and the accu- 
racy. of discrimination to 4V (peak). Using a headphone 
across the output r’ the accuracy of coincidence has been 
found to be better than 0-02usec 


Aural-Visual Detection 


The time interval between two pulses from two sources 
can thus be measured with the delay circuit by the method 
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Fig. 5. Coincidence circuit in torquemeter 

of coincidence and the coincidence can be detected by a 
pair of earphones. The repetition frequency of the output 
pulse across the earphone will be the same as that from the 
two sources, but the output pulse being sharp the response 
in the earphone is not loud. Moreover visual detection 
using a magic-eye type electron ray tube has to be pro- 
vided in the torquemeter for proper operation in noisy 
surroundings. But the average change in illumination in 
the magic-eye is not prominent when the input pulse is 
sharp. The width of the output pulse across r in Fig. 5 
cannot be much increased by increasing C: without de- 
creasing the pulse amplitude. A pulse broadening circuit 
using a triggered muitivibrator has been incorporated 
which can generate negative pulses of 600usec duration. 
This broad pulse can now be detected by either an aural 
or visual method. The accuracy of measurement of the 
entire unit, when the reference pulse is derived from one 
source having repetition frequency equal to 400p/s has 
been found to be 0-01 usec. 


Conclusion 

The above principle of time interval measurement has 
been utilized for measuring a very small angle, ©, be- 
tween two projected blades fixed 6in apart on a shaft 
rotating at approximately 1 500, 3 000, 6 000 and 9 000rev/ 
min. Instead of a twist in the shaft produced by a load, 
the twist was simulated in the following way: Initially the 
delays: of the two channels were adjusted to minimum 
values and made nearly equal. The shaft was then made 
to rotate at the desired speed and the pulses were made 
coincident by fine adjustment of the delay of one of the 
Sanatrons. One of the pick-up coils was then shifted by 
a measurable amount by a micrometer arrangement, 
specially fixed for the purpose. This produced the 
measurable angular shift @ between the two pick-up coils. 
Coincidence was then restored by varying the delay of 
one of the Sanatrons. 

The accuracy of the observed values of angular devia- 
tion @ as obtained from the readings of the delay poten- 
tiometer has been found quite satisfactory. Details of 
observations on the performance of the torquemeter are 
being separately communicated. 
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A Simple Transistor Amplifier for Energizing a 
Hall Multiplier 


By D. J. Lloyd*, B.Sc.(Eng.) 


A Hall-effect multiplier in which the Hall plate is indium antimonide presents a low, variable 

resistance to the source which supplies it. Since true multiplication occurs between current in the 

plate and flux density, the current source should have a high impedance if the multiplication is 

to be accurate. The amplifier described has this property, together with low distortion and economy 
of power requirements. 


F a magnetic field is maintained through and perpendi- 

cular to the plane of a thin rectangular slice of con- 
ducting or semiconducting material, and a current is 
passed through the lamina parallel to one pair of sides, 
then in most materials a potential difference proportional 
to the product of current and magnetic flux density can 
be detected between opposite points on these sides. This 
is called the Hall effect, after its discoverer, and the slice 
of material a Hall plate. 

For a given temperature rise, length and breadth of vlate 
and flux density, the greatest power output is available 
from a Hall plate of indium antimonide’. A plate of this 
material has, however, two disadvantages which impose 
unusual limitations on the source which supplies its input 
terminals. The first disadvantage is its low resistivity, as 
a result of which it is difficult to make the plate input 


* Electrical Engineering Department, University of Bristol 
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resistance more than about 122. The second is its large 
magneto-resistive effect: since accurate multiplication 
occurs between input current and flux density, the input 
quantity should be a current rather than a voltage if errors 
in multiplication due to this cause are to be avoided. The 
order of current commonly used is 0-5A. 

The special characteristics required of the amplifier 
feeding the indium antimonide Hall plate terminals are, 
therefore, that it shall be capable of supplying a low- 
resistance load with a current of 0-SA or more, and under 
these conditions behave as a constant-current source. A 
similar amplifier can be used for energizing the coil pro- 
ducing the magnetic field, but the requirements here are 
less stringent because the impedance of the winding is 
largely under the control of the designer. 


Specific Requirements 
In a particular application a Hall multiplier was required 
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to operate with input signal frequencies in the range 0 to 
30c/s. Its input resistance was approximately 1{2. The 
current available was that from a demodulator consisting 
of a pair of CV448 (OA7I) diodes and this had to be 
raised to the order of 1A at the input of the multiplier 
by means of a direct-coupled amplifier. In this particular 
case a standing current (d.c.) of up to 0-75A could be 
tolerated. 


The Amplifier 

Thermionic valve circuits were first considered but these 
would have been inefficient, wasteful of power, and cum- 
bersome. Low voltages and high currents precluded the 
use of these but suggested that a transistor amplifier—with 
a high power type such as an OCI6 in the final stage— 
might be used. 

The curves of collector current against collector voltage 
for common-emitter operation of the OCI16 all have pro- 
nounced ‘knees’ at about V 0-S5V, and above this 
collector voltage the curves are almost constant-current 
lines, the output impedance of an OC16 amplifier in this 
region being comparatively high. For a given supply volt- 
age the load line can be made to pass through the constant- 
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Fig. 1. Cireuit diagram showing an OC72 directly-coupled to an OC16 
current lines only if the load resistance is small, but this 
condition is automatically fulfilled when the load is an 
indium antimonide Hall plate. 

A current gain of 1 000 or more was required and with 
this in mind an OC72 was directly-coupled to an OCI16 
in the circuit shown in Fig. |. The values of the resistors 
were altered until a combination of good linearity and 
reasonable therma! stability was obtained, and the figures 
given in the circuit diagram are those which were even- 
tually chosen for one particular OC72-OC16 combination. 
The measured curve of input current against output current 
for this combination is given in Fig. 2, and the optimum 
Standing output current can be seen to be approximately 
0-6A. 


Distortion 

As would be expected, the distortion produced in the 
amplifier depended on the source impedance of the input 
circuit. Since a near-linear relation was observed between 
input and output currents and the input voltage-current 
characteristic of the OC72 was not linear, it was assumed 
that least distortion would occur when the input was fed 
from a high-impedance source. This was found to be so. 

A sine-wave input was superimposed on the d.c. base 
bias to the OC72. With a 40k input resistance, a standing 
output current of 0-6A and a peak-to-peak output swing 
of O-8A the second harmonic component was approxi- 
mately 0-5 per cent of the fundamental, and the third and 
higher components were less than this. On decreasing the 
input resistance to 7-5kQ and adjusting the d.c. base bias 
to the OC72 to make the other conditions the same as 
before, the 2"° harmonic component increased to 2°5 per 
cent of the fundamental output. 
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Frequency Response 

The response of the amplifier was found to be adequate 
for the purpose; it was flat within $dB up to Ikc/s. At 
higher frequencies the response fell, the following figures 
being obtained: 

3dB 
6dB 
12dB 


4-S5kc/s 
8-5ke/s 
14-Ske/s 

Output Impedance 
This was not measured directly but it was obtained for 
low frequencies from curves of collector current against 
collector voltage for the OC16. For an output current of 


output impedance 


0-6A the ratio was greater than 100 


load impedance 
for all load resistances less than 2{). Thus even if the 
resistance of the nominal 1{)2 Hall plate increased by 
100 per cent due to temperature or magneto-resistive 
effects, the input current to it would change by less than 
1 per cent when energized by the amplifier described 





T T —s 


— 


OUTPUT CURRENT (A) 
° 
o 
— 


° 
> 
y+ 


INPUT CURRENT (mA) 
Fig. 2. Measured curve of input current against output current 
Stability 

For the particular purpose for which the amplifier was 
required the short-term stability, over times of the order 
of seconds or a few minutes, was much more important 
than the long-term stability. 

After an initial warming-up period of about 20min 
the short-term drift was not measurable on standard 
instruments. The long-term drift was checked as a matter 
of interest and the change of d.c. output current was 
approximately 1 per cent in two hours. The stability of 
the circuit was also directly affected by that of the battery 
supply. 


Conclusions 

The amplifier is suitable where a low resistance load 
has to be fed from a constant current source at frequencies 
from zero upwards. This combination of requirements is 
somewhat unusual so it is not expected that the amplifier 
will find wide application; it does, however, adequately 
perform its original function of energizing the input 
terminals of a Hall multiplier. 

Its advantages are simplicity and low distortion. In 
other applications the frequency response and long-term 
stability might prove inadequate. The standing d.c. output 
current might also be undesirable but this could presum- 
ably be backed off with an equal and opposite current 
from another high impedance source. 
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LETTERS TO 


THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Oscilloscope Pre-amplifier 
Dear Sir,—In the July issue Mr. 
Aitchison described a useful oscilloscope 
pre-amplifier using transistors. A similar 
circuit is shown in Fig. A, which may 
have features of general interest, particu- 
larly when many such units are required 

as part of complicated equipment. 


+10OV 








Fig. A. The transistor amplifier circuit 


The resistors, R, and R,, determine 


the voltage gain. The frequency response 
is determined by the value of C at low 


frequencies and the high frequency 
response can be controlled by a shunt 
capacitor connected across R,. The gain 
of the circuit is x 10 and the upper fre- 
quency at the 3dB point is 2Mc/s. 
Further improvement can be obtained by 
inductive compensation of the collector 
of X,. 

There are a number of advantages in 
using a d.c. connected circuit. The 
transistors operate under constant current 
conditions, which improve the overall 
stability of the circuit. The number of 
components is reduced and high value 
capacitors avoided, these capacitors 
may be large and if electrolytic, un- 
reliable. The d.c. potential of the output 
terminal is defined and may be used as 
an overall check. This last point is re- 
garded as an important feature of any 
electronic circuit, and it is of very great 
help in commissioning and maintaining 
complicated equipment. 

The circuit has been tested up to 40°C 
and no change in gain, or in the d.c. 
conditions, have been observed. Three 
such units have been operated in cascade 
giving an upper frequency limit greater 
than 0-5Mc/s and an overall gain of 
1 000. Low frequency transistors may be 
substituted without changing the com- 
ponent values. 

Yours faithfully, 
B. COLLINGE 

Nuclear Physics Research Laboratory, 

University of Liverpool. 
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Dear SiR,—The appearance of Mr. 
R. E. Aitchison’s letter in the June issue 
prompts the forwarding of the similar 
circuit shown in Fig. B. The feedback 
pair illustrated offers improved perform- 
ance by the omission of the coupling 
capacitor from the gain determining feed- 
back loop and further by returning the 
bias resistor of X, to the emitter of X, 
rather than the collector of X,. Although 
these alterations are simple, significant 
advantages accrue, 

By omitting the coupling capacitor 
two useful consequences result: 

(1) The loop frequency is held uniform 
rather than the rising characteristic 
which would commence at approxi- 
mately 180c/s with the components 
shown by Mr. Aitchison. Uniform 
feedback is desired to combat the 
familiar 1.f. noise of transistors. 

(2) D.C. feedback now embraces the full 
open gain of the amplifier to increase 
bias stability. 

Returning the bias resistor R, to the 

emitter of X, achieves the following 

desirable characteristics : 

(1) A.C. voltage feedback is removed 
from X, while retaining d.c. stabi- 
lization. This increases open loop 
gain as well as raising the input 
impedance. 

(2) A degree of bias stabilization is 
added to X, since a new d.c. feed- 
back loop has been formed contain- 
ing the emitter current of X,. 











As can be seen, all d.c. feedback loops 
aid stabilization. The self-current feed- 
back due to R, and R, add stability to 
X, and X, respectively. The voltage feed- 
back through R, and R, combat varia- 
tions in either of both X, and X,. 
Component values would be identical 
for the two circuits if the same gain is 
desired. If compensation for supply 
voltage and temperature are the limiting 
criteria the circuit of Figure B is capable 
of higher gains with the same stability 
as Mr. Aitchison’s circuit. If variation 
in transistor parameters is limiting, the 
results obtained with either circuit should 
be identical. 
Yours faithfully, 
T. C. PENN 
Texas Instruments, 
Dallas, Texas 


The author replies : 

Dear Sir,—Dr. Collinge’s amplifier is 
an interesting variation of the basic feed- 
back pair design. Most of his comments 
on d.c, coupling of the amplifier' are met 
if the output capacitor is omitted; how- 
ever in the original design it was included 
to avoid annoying d.c. shifts when 
changing from the amplifier to the 
straight through connexion. (Note that 
the sensitivity when the amplifier is used 
with a particular wide band oscilloscope 
is 0-‘SmV/cm.). The input capacitor (to 
protect the input transistor) is a Bipolar 
1:-25uF S50V tantalum type not a normal 
electrolytic as shown in error in the 
original circuit. 

Most of the details of the original 
design are a result of the decision to 
keep the power consumption to a mini- 
mum, the input impedance high, and to 
use a single battery bias system for mech- 
anical reasons (small size of battery, on- 
off switch, and battery mounting). The 
volume occupied by the other com- 
ponents is by comparison very small. 
Miniature electrolytic capacitors with a 
leakage of less than OSyA/“F have 
proved extremely reliable. 














i m 





Fig: C. Direct coupled pair bias system. 
a.c. feedback not shown 


A new one battery bias circuit, a modi- 
fication of an earlier circuit?, has been 
mentioned recently*, the design being 
more flexible and the performance better 
than the normal two-stage design*. The 
arrangement is shown in the accompany- 
ing Fig. C; if a further resistor R, is 
included it introduces an extra degree of 
freedom in the design. This circuit is 
particularly suitable for pre-amplier 
feedback pair bias design, and the 
thermionic valve equivalent is a useful 
circuit for use in high gain direct coupled 
thermionic valve amplifiers. 

The subsequent letter from Mr. T. C 
Penn also discusses the circuit, and I 
endorse his comments on the advantages 
of this feedback pair design 

Yours faithfully. 
R. E AITCHISON 
Department of Electrical Engineering. 
The University of Sydney. 
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Short News Items 


The John Price Wetheril Medal of the 
Franklin Institute has been awarded io 
the British inventors of the cavity mag- 
netron which provided the first high 
power source of centimetre radio waves 
for use in radar equipment during the 
war and since. The award is to Dr. 
H. A. H. Boot, now at the Services 
Electronics Research Laboratory, 
Baldock; Professor J. T Randall, 
F.R.S., Wheatstone Professor of Physics 
in London University (King’s College); 
and Professor J. Sayers, who holds the 
Chair of Electron Physics in Birming- 
ham University. The award is “for their 
basic development which provided the 
first useful high power pulsed microwave 
magnetron and which established the 
fundamental principles upon which all 
later developments in this field were 
based.” The cavity magnetron was 
developed in Birmingham University. 


The newly introduced range of 
Murphy v.h.f. Mobile Radio Telephone 
equipment was recently subjected to ex- 
ceptionally stringent tests when radio- 
telephone units were installed at the T.T. 
Races in the Isle of Man With a 
mobile transmitter/receiver mounted on 
each travelling race marshal’s moto; 
cycle and a base station remotely con- 
trolled from the grandstand, race officials 
were able to maintain permanent com- 
munication with the marshals. The 
duties of a travelling marshal require 
that he shall patrol a section of the 
course during the actual progress of a 
race and often, speeds approaching 100 
mile/h are maintained. Despite the ex- 
ceedingly rough treatment that the 
equipment received both during trials 
and three days of actual racing, it con- 
tinued to operate satisfactorily through- 
out. The value of radio-telephone 
equipment was again particularly appar- 
ent, when, after an unfortunate accident 
which brought down a telegraph pole in 
the path of oncoming riders, a travelling 
marshal was able to radio assistance to 
the spot and have the road cleared with- 
out further mishap. 


R. H. Cole (Overseas) Ltd, the U.K. 
distributors for rectifiers made by the 
German Siemens and Halske organiza- 
tion, announce that their principals 
have now released a silicon half-wave 
rectifier measuring 7mm _ diameter 
17mm. This has an exceptionally high 
peak inverse voltage rating of 750V and 
is rated for 400mA d.c. load with a capa- 
citive load of 500mA with a resistive load 


Cawkell Research & Electronics Ltd, 
formerly A. E. Cawkell, Electronic 
Engineers, have moved into larger 
premises, the new address being Scotts 
Road, Southall, Middlesex. The telephone 
number is Southall 3702/5881 as before 
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Sir Lionel Harris, Engineer-in-Chief of 
the Post Office, recently laid the foun- 
dation stone of the new Electronic 
Switching Laboratories at Ericsson Tele- 
phones. Ltd, Beeston. The new labora- 
tories will rehouse and provide addi- 
tional space for research and develop 
ment of electronic telephone exchanges 
Some three years ago the Post Office. 
Ericsson Telephones and other large tele 
phone companies agreed to poo! research 
into all electronic telephone exchange 
systems and, as a result of this joint 
development, manufacture will shortly 
begin of the first example of the new 
system which will be installed at High 
gate Wood in North London. The new 
building has been designed by a team 
under the company architect, Mr. F. § 
Eales, in collaboration with Dr. J. H 
Mitchell, Research Director; Mr. J. R 
Pollard, Head of Communications Re- 
search, and staff of the Electronic 
Switching Division under Mr. J I 
Stringer, who is in charge of the 
Ericsson share of the joint development 
programme. It is expected that the new 
building will be occupied early next 
year 


The Northern Polytechnic has been 
given permission by the Ministry of 
Education to hold a full evening course 
on the Principles and Practice of Colour 
Television. It is intended to cover the 
fundamentals of television transmission 
and reception in colour. The entry 
qualification required is at least City and 
Guilds Radio III or City and Guilds 
Final Certificate, and some knowledge 
of monochrome principles will be neces- 
sary. Polytechnic staff will be dealing 
with the bulk of the course but specialist 
lecturers will be engaged for items of 
particular interest. Provision has been 
made for practical work on colour re- 
ceivers and, in the event of experimental 
transmissions taking place during the 
run of the course, full facilities exist for 
their display. Further details may be 
obtained from Mr. J. C. G. Gilbert, 
Head of Department of Telecommuni- 
cations, the Northern Polytechnic, 
Holloway, London, N.7 


The Eleventh Annual Conference on 
Electrical Techniques in Medicine and 
Biology will be held in Minneapolis, 
Minnesota, from 19-21 November at the 
Nicollet Hotel. It is sponsored by the 
Institute of Radio Engineers, the 
American Institute of Electrical Engin- 
and the Instrument Society of 
through their Joint Executive 
Committee on Medicine and Biology 
The theme for this conference will be 
Biology and Computers 


cers. 
America 
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The Electronics Group of the Institute 
of Physics has arranged a meeting on 
“Solid State Memory and Switching 
Devices,” for 26 and 27 September ot 
University College, London Further 
particulars may be obtained from the 
Institute, 47 Belgrave Square, London, 
S.W.1 


Dr. N. Levin has been appointed a 
Deputy Director of the Atomic Weapons 
Research Establishment 


recently negotiated 
an agency agreement with Apparachhi 
Scientifici Federici of Milan for the ex 
clusive rights to market their ultrasonic 
drilling and ultrasonic medical equip 
ment in the United Kingdom 


Airmec Ltd have 


Kelvin & Hughes (Industrial) Ltd have 
moved their administrative offices from 
2 Caxton Street, Westminster, London, 
S.W.1 to their new building at Empire 
Way. Wembley, Middlesex Telephone 
number Wembley 8888 

Fry’s Metal Foundries Research De- 
partment have developed a special safety 
flux, Type S.31, to enable the nickel 
chromium alloys to be readily tinned 
and soldered The flux is in liquid 
form, it iS non-corrosive to nickel 
chromium and to copper and it has nx 
detrimental action on paper or fabric 
insulation 


CIBA (A.R.L.) Lid is the new name 
for Aero Research Ltd of Duxford 
Cambridge. Aero Research was formed 
in 1934 to pioneer research into aircraft 
structures, including the development of 
new adhesives. The new name has asso 
ciations with the past but emphasizes 
affiliation to the world-wide CIBA 
organization The trade names of 
‘ Aerolite, ‘Araldite, ‘Redux’ and 
other proprietary products are unaffected 


Errata. In the article, “Triodes and 
Tetrodes for U.H.F./S.H.F. Operation” 
by Messrs. Tremlett and Williams, pub 
lished in the May issue, the EC57 valve 
given in the table on page 339 is in- 
correctly stated to have a power gain of 
4dB instead of 8dB and the power out 
put should be 1°8W instead of 1-5W 

The caption to Fig. A in the letter 
from Mr. R. B. Mackenzie in the August 
issue (page 509), incorrectly reads, “Sim 
pified drawing of Pacak’s circuit.” This 
s. in fact, the circuit dealt with in Mr 
Mackenzie's article* quoted as Refer 
in Mr. Pacak’s letter in the Apr 
212). viz 
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BOOK REVIEWS 


Network Synthesis 


By D. F. Tuttle, . 1175 pp. 676 figs. Medium 
8vo. John Wiley & Sons Inc., New York. Chap- 
man & Hall Lid., London. 1958. Price 188s. 

HREE new books on the subject of 

passive network synthesis have re- 
cenily arrived from the United States of 
America. The first to appear was 
Storer’s Passive Network Synthesis which 
provided a concise survey cf the field 
and the second was Guillemin’s Synthesis 
of Passive Networks in which the theory 
of the subject was formerly developed. 
The latest arrival is the first volume of 
Tuttle’s two-volume work, Network Syn- 
thesis. 


This new addition to the literature of 
synthesis bears evidence of a tremendcus 
amount of preparation. It deals only 
with the synthesis of one-ports accord 
ing to prescribed behaviour in the sinu- 
soidal steady-state; the second volume 
will deal with two-port networks. After 
an introductory review cf the principles 
of modern network analysis and the 
notion of complex frequency, the book 
begins with a thoroughgoing exposition 
of Brune’s theorem that if W(s) repre- 
sents the driving-point immittance of a 
passive one-port it is necessarily positive 
real; that is, it is real when s is real 


and confined to the right half plane when 


s is confined to the right half plane. Cer- 
tain properties of Brune functions are then 
discussed in considerable detail and a test 
for positive reality is developed. Next to 
be considered are the special classes of 
Brune functions which are realizable as 
nen-dissipative one-ports with two kinds 
of energy storage and dissipative struc- 
tures with one kind of energy storage 
The methods of Foster and Cauer, for 
realizing such functions are described 
and illustrated with examples. At this 
juncture the theory of Brune functions is 
developed further in preparation for the 
study of the general dissipative one-port 
ccentaining two kinds of energy storage. 
The concepts of minimum reactance, 
minimum resistance, and their duals are 
introduced and the technique of reduc- 
ing a given Brune function to a *‘ mini- 
mum immittance’ function by reactance 
and resistance extraction is explained. In 
this connexion, the important work of 
Gewertz, Bayard, and Bode is presented 
at length. These discussions lead to 
Brune’s demonstration that positive real- 
ity is net only a necessary condition but 
also a sufficient condition for a given 
function to represent a passive one-port. 
The theory of passive one-port synthesis 
is then extended to include the general 
three-element case and is thus completed. 
The treatment of realization concludes 
with such topics as the Bott, Duffin, and 
Pantell metheds for avoiding mutual in- 
ductance. 

The last three of the book’s fifteen 
chapters are concerned with the approxi- 
mation aspect of the synthesis problem 
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little less than half the 
book. The subject is covered with re- 
markable thoroughness. Among the 
techniques considered are: approxima- 
tion by trial and error; the least-mean- 
square-errer method; Taylor approxima- 
tion; and Chebyshev function approxi- 
mation. Methods based on the well- 
known analogy between  complex- 
variable theory and _ two-dimensional 
potential theory receive exhaustive con- 
sideration. 

It is possible here only to indicate the 
subjects treated and the sequence cf pre- 
sentation; it is not possible to give a true 
impression of the wealth of electric net- 
work knowledge represented in the 
book’s eleven hundred pages. Numer- 
ous problems are provided at the end of 
each chapter and appendices contain 
computational informaticn and an exten- 
sive list of references. It is a magnifi- 
cent volume and will surely establish 
itself as the standard reference work in 
its field for some time to come. 


S. R. DEARDS 


and occupy a 


Prizisionsmessungen von Kapaziti- 

ten, Induktivititen und Zeitkon- 

stanten (Precision Measurements of 

Capacitances, Inductances and 
Time Constants) 


By Dr. Erich Blechschmidt. 166 pp., 74 figs. 
Small 8vo. Friedrich Vieweg & Sohn, Braunsch- 
weig. 1957. Price DM.11.50. 


HIS booklet forms the second part 

of the second, revised edition of a 
monograph published in 1940. The 
first part, dealing with capacitances, di- 
electric losses and permittivities, 
appeared in 1956 and was reviewed in 
these columns in September 1957. The 
present little volume has the subtitle 
Precision Measurements of Inductances, 
Coil Losses and Time Constants. The 
purpose and the general treatment and 
arrangement of the subject matter are 
the same as in the first part and it may 
be used without knowledge of this first 
part. Therefore a few repetitions proved 
to be unavoidable. 

A brief survey of the theory in the 
first chapter, in which the calculation of 
self and mutual inductivities is dealt 
with, is followed by a description of the 
various standards of inductivity in the 
second chapter. Measuring methods 
form the subject of the third chapter and 
they are subdivided into direct and in- 
direct methods for determining the self 
and mutual inductivities respectively. 
Also the measurement of time constants 
is described in this chapter. The fourth 
chapter contains again a very extensive 
bibliography of about 20 pages with 
references till 1956. A name and sub- 
ject matter index conclude this useful 
little book. 

R. NEUMANN 


Bibliography on Medical Electronics 


91 pp. Crown quarto. Prepared by the Medical 
Electronics Centre of the Rockefeller Institute. 
Published by the Professionai Group on Medical 
Electronics, Institution of Radio Engineers, New 
York. Paper cover. Price $2-50. 


| iy his introduction, Dr. V. K. Zwory- 
kin broadly defines medical electronics 
as “comprising any application of any of 
the branches of electronics, such as acous- 
tics, communications, television tech- 
niques, spectrophotemetry, or dielectric 
heating, to any problems of biological or 
medical research, therapy, public health 
and related fields.” It is not surprising, 
therefore, that this bibliography is very 
far from being complete, a fact that Dr. 
Zworykin freely admits. The basic fault 
is that the fundamental definition is 
much wider than indicated bv the title, 
and many references included could be 
more accurately listed under other head- 
ings such as Biophysics. Mcreover, in 
a number of cases the subjects have ap- 
parently no direct connexion with medi- 
cine, one examp!e being, ‘ A Simple High 
Temperature Microwave Spectrometer ’. 

This wide range of subjects may be 
contrasted with the limited area from 
which references have been drawn. Most 
of the papers were published in the 
United States, which is understandable 
since this bibliography originated as a 
card index at the Medical Electronics 
Centre, and was supplemented from the 
personal files of seme prominent Ameri- 
can research workers. The British con- 
tribution to Medical Electronics has not, 
however, teen completely neglected, but 
many worthy names are _ noticeably 
absent from the Author Index. Foreign 
language references are almost non- 
existent. The compilers are keenly 
aware of this limitaticn, and one of the 
reasons for the recent International Con- 
ference on Medical Electronics was the 
formation of national groups capable of 
providing world-wide references for the 
projected annual supplements and future 
editions of this werk. 

The present bibliography is divided into 
three sections, the first 44 pages contain- 
ing the full references listed in arbitary 
order and numbered consecutively up to 
2200. The subject index of 32 pages, 
which is cross-referenced and includes 
over 2 000 headings, indicates the appro- 
priate numbers in the main section. A 
third index lists the senior authors in 
alphabetical order. It is stated that re- 
lated subjects are grouped together with- 
in the main secticn, but this is not 
entirely so. Electrocardiography, for 
instance, is mainly covered by one group 
of 49 references (Nos. 301 to 349), and 
within this group the authors’ names are 
alphabetically listed. | However, a fur- 
ther 55 references to this subject are 
scattered about, apparently at random. 
either singly or in much smaller groups, 
but of course they may still be traced 
through the subject index. 

Despite these criticisms, it must be 
emphasized that much previously scat- 
tered information is now _ rendered 
accessible for the first time through the 
pages of this bibliography. This alone 
makes it an important new publication, 
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and the prospect of its being followed 
by supplements designed to increase its 
scope and balance make it a desirable 
additicn to any library of Medical Elec- 
tronics, 

ANTHONY S. VELATE 


An Electronic Organ for the Home 
Constructor 


By Alan Douglas. 100 pp. 91 figs. Demy 8vo. 
Pitman & Sons Ltd. 1958. Price 15s. 


HIS ‘how to make it’ book contains 

simple and straightforward instruc- 
tions for building an inexpensive musical 
instrument specially designed for ama- 
teur use in the home. The circuits are 
a revised edition of the organ described 
in this journal for August and Septem- 
ber, 1955, with a new solo generatcr and 
only two types of lamination for the 
main generator coils. 

A high standard of tonal fidelity is 
ensured by adopting free-phase oscilla- 
tors giving a multiple waveform, and the 
construction is such that only the ordin- 
ary tcols available to the amateur are 
required. 

Included in the book is a list of all 
materials and parts, with approved 
sources of supply. There are 91 con- 
structional drawings and three photo- 
graphs, as well as a list of valve base 
connexions, drilling and tapping tables 
for wood and metal screws, etc. 


Electronic Semiconductors 
By E. Spenke. 402 pp. 80 figs. Demy Svo. 
McGraw-Hill Book Company Inc., New York, 
Toronto, London. 1958. Price 85s. 6d. 

HERE has been a long need for a 

sound and well produced book on 
electronic semiconductors. The German 
reader and those familiar with German 
have for some time enjoyed the privilege 
of being able to use the German edition 
of the above book which was produced 
in 1955. It is therefore very welcome 
that an English edition has now been 
produced. This work deals fully and 
adequately with the background to the 
physics of transistors and electronic 
semiconductor devices. 

The first part consists of a most excel- 
lent survey of the subject systematically 
arranged. The energy band concept, 
positive hole and lattice imperfection are 
introduced in a well and clearly under- 
standable manner without too much con- 
fusion by mathematics. The part added 
by the translators on junction capacitance 
nicely completes the original author's 
attractive work. Here one might perhaps 
add that the author could have gone into 
greater details, esnecially as far as the 
theory of devices is concerned. However, 
many review and other articles on this 
aspect are now available and it may be 
excusable that the author thought he 
might lengthen the book intolerably if he 
proceeded too far in this direction. 

The second and somewhat larger part 
of the book deals with the fundamentals 
of semiconductor physics. Here rigorous 
mathematical methods are used to des- 
cribe in a very lucid way the basic theory 
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connected with the energy band model, 
Brillouin zones, Fermi levels, etc. All 
problems connected with lifetime, surface 
States, contact potentials, etc., are lucidly 
described in a clear and adequate manner. 

The book is well produced and clearly 
printed. The diagrams are even clearer 
than in the German edition which already 
were very good. It is almost certain that 
this book will be usefully added to the 
few good books available to the student 
in semiconductor physics, and the en- 
gineer and scientist doing research and 
development in transistors and electronic 
semiconductor devices. 

K. HOSELITZ 


Special Relativity for Physicists 
By G. Stephenson and C. W. Kilmister. 108 pp. 
Demy 8vo. Longmans, Green & Co. Lid. 1958. 
Price 18s. 

HIS book is an up-to-date account of 

the special theory of relativity. It is 
suitable for students reading for an 
henours degree ccurse in physics or 
mathematics and contains a large num- 
ber of applications of interest to the re- 
search physicist and electrical engineer, 
including high-energy particle accelera- 
tors, classical meson theory, particle 
decay schemes, the Dirac wave equation, 
relativistic hydrodynamics, de Broglie 
waves, the relativistic Child-Langmuir 
law and many other topics. A detailed 
account is also given of the historical 
development of the subject and the rele- 
vant experimental werk. 


Conductance Curve Design Manual 
By K. A. Pullen. 128 . 73 figs. Demy 4to. 
John F. Rider Publisher, Inc., New York. 1958. 
Price $4-25. 

HIS manual explains the use of con- 

ductance curves in circuit designing 
and provides some 70 of the most repre- 
sentative thermionic valve conductance 
curves. It is divided into three main 
sections; a brief explanation of the 
special curves and their application in 
RC amplifier designs; a set of tables use- 
ful in making valve substitutions, and 
tables to simplify the selection of valves 
for given applications; and a special set 
of curves to facilitate valve circuit design. 


An Introduction to the Theory and 
Practice of Semiconductors 


By A. A. Shepherd. 206 pp. 93 figs. Demy 8vo. 
Constable & Co. Ltd. 1958. Price 18s. 6d. 


HIS book has been written for ad- 

vanced students and graduate work- 
ers in all fields of physics. The first 
chapters deal with the structure of solids, 
conduction in semiconductors, and the 
properties of single crystals. Rectifica- 
tion by semiconductors is dealt with 
next, transistors and light sensitive semi- 
conductor devices. The technclogy of 
germanium and silicon device develop- 
ment is considered in some detail. The 
book concludes with a discussion of 
semi-conducting compounds. 

The author is head of the semiconduc- 
tor development labcratories of Ferranti 
Ltd 


EE 1233 for further details 














CHAPMAN & HALL 


OS RENE 





*x New Books x 


Physics 
and Mathematics 
in 
Electrical 


Communication 
by 
J. Owen Perrine 


269 pages Illustrated SOs. net 


* 
A John Wiley Book 


Basic Electricity 
for 
Communications 
by 
W. H. Timbie 


SECOND EDITION 
Illustrated 





546 pages SOs. net 





enendiieiitaen amma 


37 ESSEX STREET, LONDON, w.c.2 

















SS — 


ELECTRICAL 
ENERGY 





For the 
Advancement of 
Electrical 
Science 


ELECTRICAL ENERGY is a monthly 
technical journal for electrical 
engineers having a scientific turn of 
mind. Its articles are designed to 
bridge the gulf between research and 
the practical application of the 
knowledge so gained to industry. 
Bringing up-to-date information 
about new theories, methods and 
materials, it is of inestimable value 
to electrical designers. 


Annual subscription £1 . 16 . 0d. 
Single copies 3s. 0d. 


Order from your newsagent or direct 
from— 


MORGAN BROTHERS 
(Publishers) LTD., 
28 Essex St., Strand, London, W.C.2 











EE 1234 for further details 


ELECTRONIC ENGINEERING 











ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 





HIGH SPEED BATCH COUNTER 
(Illustrated below) 
Elcontrol Lid, Wibury Way, Hitchin, Hertford- 
shire 


oo Elcontrol high speed batch coun- 
ter is of the fully electronic type 
making use of up to 4 Dekatron stages. 
The total count is displayed on the Deka- 
trons. 

The complete standard unit embcdies 
its own pulse-shaping circuits and will 
accept normal external pulses including 
those originating photo-electrically. 

The unit can also be arranged to gener- 
ate its own pulses and can, therefore, be 
used as a timer. 





The standard unit can be used in a 
large number of ways including the fol- 
lowing :— 

As a batch counter 

(1) Automatic-reset—Batch 

prox. 02sec 

(2) Reset on 

contacts. 

(3) Reset on specified count of suc- 

cessive batch (works selected). 

(4) Relay energized/de-energized alter- 

nate batches. 
As a timer 

100c/s signal provided within the unit. 
When used with above batching facili- 
ties the following timer functions are 
available : - 


signal ap- 


eperation of external 


(1) Cyclic timer with 0-2sec fixed 
dwell. 

(2) Process timer with external initia- 
tion. 

(3) Cyclic timer with pre-fixed dwell 
period. 


(4) Cyclic timer with equal times both 
‘on’ and ‘ dwell’ 
As a time measurer 

(1) Time recorded between successive 
operation of external contacts. -+ 10ms - 
resolution. Mains frequency accuracy. 

The maximum counting rate is 500 per 
second and the minimum recovery time 
between batches is 3msec. 

The 4 decade units together with the 
photo amplifier circuit are assembled on 
individual chassis which can be separ- 
ately unplugged from the complete rack. 
The power pack and trigger unit are in- 
dependently assembled in a complete 
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accessories and test instruments. 


chassis housed on the main deck of the 
assembly. The complete rack embcdying 
the electronic circuits can itself be 
readily withdrawn from the case. 

The unit is housed in a sheet steel case 
assembled on a steel framework. A 
viewing window covers the Dekatrons 
and control knobs and can readily be 
opened to provide access to them. The 
window is itself mounted in the frent 
panel which can be easily removed, 
thereby enabling the rack assembly to 
be withdrawn. The steel case is finished 
in grey stove enamel. 

EE 1751 for further details 


GENERAL PURPOSE OSCILLOSCOPE 
(llustrated below) 


The Solartron Electronic Group Ltd, 
Solartron Works, Thames Ditton, Surrey 


N inexpensive and easily portable 
general-purpose oscilloscope, the 

CD 814 has many features normally 
found only in more specialized instru- 
ments. With a constant bandwidth (3dB) 
of 0-9c/s to 9Mc/s or to 12Mc/s (6dB), 
and a maximum Y amplifier sensitivity 
of better than 40mV/cm, this new Solar- 
scope is equally useful for radio or tele- 
vision servicing or use in educational 
and technical training establishments. A 
brilliant, clear trace is assured at all 
frequencies by use of a type 4EPI p.d.a. 
tube operating at 2-3kV. The rise-time 
of the Y amplifier is better than 40myusec 
without overshoot—and at 50c/s there 
is no visible droop on a square-wave 
display. Velocity calibration is provided 
by use of time-base marker pips, accurate 
to 5 per cent, in four ranges from 
0-Imsec separation; also Y input measure- 
ment by injection of 50c/s square-waves 
at amplitudes of 100mV, 1V 10V and 
100V. The flexible time-base, which has 
facilities for internal or external syn- 
chronization or triggering has _ basic 
sweep of O-5usec/cm to 10msec/cm with 
symmetrical x 10 expansion. Television 
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signal sync separation input facilities 
enable the time-base to be locked on a 
‘line’ or * frame’ when presented with a 
video signal. 

The CD 814 is provided with attach- 
ments for fitting standard oscilloscope 
cameras; has an illuminated graticule 
with variable intensity edge-lighting—and 
an adjustable Solartron viewpoise stand. 

EE 1752 for further details 


UNSPILLABLE BATTERIES 
(Illustrated below) 
Varley Dry Accumulators Ltd, By-Pass Road. 


ing, Essex 
HE Varley method of construction 
whereby the active material in the 
positive and negative plates is fully sup- 
ported and maintained under compres- 
sion by the separators provides a number 





of advantages over conventional methods 


of construction. Included in these are: 
high power to weight ratio, increased 
efficiency at high rates of discharge, 
more resistance to vibration and cor- 
rosion and no free electrolyte to spill. 
These batteries are available in a 
variety of types to suit most applications. 
Typical of the range are the types VPT 
12-19/25 and the VPT 2-24/11/4 (illus- 
trated). The former is a 12V 25Ah 
battery capable of discharges up to 
1 000A for short periods. The latter is a 
24V 4Ah battery intended for laboratory 
use. It is tapped every 2V and can be 
used to provide any voltage up to 24V 
or as individual 2V cells. The maxi 
mum discharge rate is 10A. Both bat- 
teries are supplied in polystyrene con- 
tainers. 
EE 1753 for further details 


SOLDERING TOOL 
(Illustrated above right) 


Allied Distributing Corporation Ltd, 
13-17 Rathbone Street, London, W.1 


HE Allied Distributing Corporation 

announce that they are now market 
ing a new soldering tool known as the 
‘Victor V360’. 

The Victor is based on the principle 
of heating the work direct instead of the 
conventional ‘iron’ method of transfer- 
ring a small amount of heat from a pre- 
heated mass of metal. 

Heating the work direct is achieved by 
gripping it with the twin arms of the 
tool. At the end of the arms, which act 
as leads for the electric current, are 





SEPTEMBER 1958 



























special carbon electrodes which convey 
the heat directly to the work. 

To solder, the joint is held by the twin 
arms; the button pressed, the work 
immediately heats up and the solder 
runs. The button is then released there- 
by breaking the heating circuit, and the 
joint held for a few seconds for the 
solder to harden. 

Adjustable stems and electrode holders, 
together with varying shaped electrodes, 
make possible all types of soldering with 


a single tool. The earth return lead 
permits the use of one arm only, if 
required. 


The Victor will operate equally well 


with a.c. or d.c. supply and although 
6V SA is the normal power, it can 
Operate on any voltage from 2 to 8 


depending on the size of the job. For 
example, when soldering very fine work 
(30 s.w.g. and smaller) 2V supply would 
be sufficient for fast, efficient operation. 
The Victor will solder solid copper. 
brass or other solderable material from 
1/64in to 3/16in diameter or equivalent 
surfaces. 

For heavier work a model known as 
the ‘Venom’ is available which has a 
nominal rating of 6V 30A. 
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HIGH VOLTAGE FLASH TESTER 
(Illustrated above right) 

Airmec Ltd, High Wycombe, Buckinghamshire 
HE 100kV flash tester type P.200 has 
been designed for a.c. and d.c. testing 

of insulating materials and component 

dielectrics at very high voltages. It not 
only provides a heavy current for break- 


down but also incorporates a sensitive 
indication of ionization and leakage 
currents. 


A continuously variable output voltage 
of from 0 to 140kV peak a.c. at 50c/s 
er 0 to 140kV d.c. is obtained from an 
e.h.t. unit which is housed in a steel, oil 
filled case mounted on wheels. A control 
unit, installed at any distance up to 36ft 
away and electrically isolated from the 
e.h.t. source, provides a remote control 
facility which can be operated with 
absolute safety. 

The control unit contains a meter with 
an associated switch for the measure- 
ment of a.c. or d.c. output voltages and 
leakage current. The leakage current may 
be measured in two ranges 0 to SO0“HA 
and 0 to 5mA, the lower range being 
selected by a push-button switch. 

A 2}in cathode-ray tube is also incor- 
porated on which either the leakage 
current or applied voltage waveforms 
may be presented, or an elliptical trace 
provided for the display of ionization 
currents.” In addition, the presence of 
ionization currents is audibly indicated 
by a loudspeaker. 
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Breakdown or flashover is indicated by 
a glowing neon tube and a thermal over 


load switch in the control unit is 
operated if the test piece maintains full 
load for any appreciable time, but will 
re-set after a short period when normal 
operations can be resumed. 

Since both c.r.t. and loudspeaker in- 
dication of ionization is provided, the 
voltage at which ionization starts is at 
once evident and tests may be discon- 
tinued before breakdown of the 
piece occurs. Furthermore, by virtue of 
the loudspeaker facility it is frequently 
possible for an experienced operator to 
interpret specific faults in some insulat- 
ing media 

The equipment operates from a 200 to 
250V 50c/s a.c. power supply and has a 
total consumption of IKVA on full load 

EE 1755 for further details 
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UNSPILLABLE LIGHTWEIGHT CELL 
(/lustrated below) 


Batteries Ltd, Clifton Junction, 
Manchester 


COMPLETELY unspillable Exide 
2V 8Ah cell, type MFB9, has been 
produced by Chloride Batteries for port 
able light electrical duties. Filled and 
charged, this compact eell weighs only 
Ilb Soz and is capable of providing high 
discharge currents, with high terminal 
voltage over a wide range of tempera 
tures. 
The container and lid of the cell are 
moulded in translucent high impact poly 
styrene, and the lid is a specially designed 


Chloride 





one-piece moulding cemented to the con- 
tainer by a technique which ensures a 
leak-proof joint. 

A vent which provides an exit for 
gases, and which incorporates a trap for 
acid spray, is moulded integrally with 
the lid. The vent outlet is so designed 
that it is virtually impossible for it to 
become blocked either by dirt or some 
object resting on top of the cell 

A filler plug, with a broad slot for 
tightening with a coin, is located along 
side the gas vent. This arrangement, 
keeping the acid trap and gas vent 
separate from the filler plug, enables a 
more effective type of trap to be used 

The cell terminals consist of metal 
inserts moulded in the lid ‘nto which are 
screwed small bolts with insulated heads 
When these bolts are tightened the cable 
clamped firmly against lead 
alloy strips. These strips are positioned 
in recesses in the cell lid and con 
nected by lead burning to the connecting 
pillars which rise from the group bar 
Special rubber bushes fitted round 
the pillars where they pass through the 
lid. and these bushes ensure a leak-proof 
joint at the cell lid 

EE 1756 for further details 
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MINIATURE JACK AND PLUG 
(llustrated above) 


Bulgin & Co. Ltd, By-Pass Road, 
arking, Essex 


A. F. 


HE latest addition to the Bulg'n range 
miniature jack (J.30) 
and jack plug (P.519). The plug has axial 
cable exit screw-on phenolic cover and 
plated members. The internal solder tags 
being silver plated for easy connexion 
The jack has phenolic insulation, nickel 
silver contacts and tags with one pole 
live to fixing bush and a third contact 
(mated with tip cortact when plug 

removed). It is rated at 1A SOV 
EE 1757 for further details 

HIGH TEMPERATURE 
STRAIN GAUGES 


consists of a 


Farnell Instruments Lid, Wetherby Industrial 
Estates, York Road, Wetherby, Yorkshire 
HE AVRO range of. strain gauges 
will operate in temperatures up to 

750°C. 

The non-removable backings to the 


gauges are of two types. One is a resin 
impregnated tissue, the other fibreglass 
cloth impregnated with a ceramic cement 
The temperature range of operation has 
thus been extended to 750°C 


Three ranges are available 
Up to 200°C--Epoxy resin base 
(Type 951) 
250°C —Resin base (Type BF3) 
750°C-—Ceramic base (Type U527) 


(Type U529) 

The Type BF3 gauge can be supplied 

for use on materials which could not be 

given the high temperature cure required 
by the ceramic cements 
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These gauges are robust and flexible, 
even the ceramic gauges being capable 
of bending round small radii with care. 

Measurement of strain at temperature 
requires an accurate knowledge of the 
variation of gauge factor with tempera- 
ture, lead length, compensation device 
and gauge form. For consistent response, 
regularity of form and close tolerance 
resistance values are required. While a 
foil gauge has many advantages in shape 
and negligible transverse sensitivity, it is 
difficult to produce small gauges with 
reasonably high sensitivity. 

The AVRO gauge, of 250° resistance, 
is manufactured on jigs ensuring control 
of form, and all the joints are spot 
welded. Gauges with differing lengths can 
be made to special order. 

Resistance values other than 2502 can 
be supplied, as can 45° or 60° rosettes 
(standard grid length 0O-3in nominal 
resistance 1002 

Adequate bonding to the material 
under test is a prime essential of strain 
gauge work. The resin based gauges can 
be bonded on to almost any construc- 
tional material, while ceramic gauges are 
particularly suited to heat resistant steels. 
all stainless steels and Nimonic alloys. 
They can be applied to low alloy steels, 
cast iron, brass, titanium, copper and 
aluminium alloys, but the bond is not 


as effective. 
EE 1758 for further details 


PRECISION MEASURING RELAYS 
(llustrated below) 


Leland Instruments Ltd, 22-23 Millbank, 
Westminster, London, S.W.1 


Bowen and developed by Brion 
Leroux & Cie of Paris, these relays 
are based upon their patented spring 


suspension moving coil unit. For the 
past seven years they have been used in 
increasing quantities by French industry 
and government departments, particularly 
by the French Post Office. They are now 
available in the United Kingdom and 
British Commonwealth and Empire from 
Leland Instruments Limited. 


The relay consists of a galvanometer 
movement, complete with scale and 
pointer, to which has been added a 
moving contact. On each side of this are 
arranged two fully adjustable contacts 
which are instantly accessible beneath a 
transparent plastic dust cover, and are 
adjustable over the full range of the 
scale. 

These relays are fully shielded and are 
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available in 16 different models, with 
moving- coil resistances ranging from 
2:52 to 7:5k2, and with full-scale de- 
flexion current ratings ranging from 
10mA down to 0-02mA. In the case of 
the most sensitive model the minimum 
change of control power necessary to 
make or break contact is of the order 
of 0-054W (five-hundredths of a micro- 
watt). The relay contacts have a power 
handling capacity of 200mW. Each of 
the 16 models is available either as a 
Maximum-minimum indicator with scale 
covering 90° and calibrated 0 to 100 
divisions, or in centre-zero form with 
scale calibrated 50-0-50 divisions. 

EE 1759 for further details 


NEW TAPE READING AND 
AUTO-NUMBERING APPARATUS 
(Illustrated above) 


Automatic Telephone & Electric Co. Ltd, Strow- 
ger House, 8 Arundel Street, London, W.C.2. 


Bb lipceneer geet traffic by modern high- 
speed punched tape systems has led 
to the necessity for the numbering of 
messages. Ideally the numbering should 
be done automatically, and standard or 
‘routine’ traffic should also be available 
without punching special tapes. 

British Telecommunicaticns Research 
Ltd have developed for Automatic Tele- 
phone and Electric Co Ltd, a self-con- 
tained piece of equipment with built-in 
facilities which are claimed to meet all 
the necessary operational requirements. 
This apparatus, known as the ‘ tape read- 
ing, auto-sending equipment’ _ series 
TAA, comprises two main units. One 
section incorporates the tape reading 
heads and all the cperator’s functional 
controls; and the other, which can be 
remotely mounted on a standard 19in 
rack, is the associated electronic distri- 
butor. 

The complete operator’s terminal is 
housed in a unit measuring only 22in x 
64in x Qin and weighing 31lb.. Two 
operating heads working on a unique 
step-by-step principal are previded. Both 
heads can be loaded simultaneously and 
are sequentially switched so that as soon 
as one tape has been read the other head 
comes into operation. 


568 


In addition to the two heads the ter- 
minal includes an automatic numbering 
device, a 100-character test message 
sender and two 40-character message 
senders. The first of the 40-character 
senders is used for the staticn call sign 
and the other provides for the autoniatic 
transmission of routine traffic. Both the 
call sign and the routine traffic messages 
are readily changeable to meet operating 
conditions. An automatic timing device 
permits the terminal to transmit test mes- 
Sages at predetermined times so as to 
test the circuit and associated equipment. 

The electronic distributor, size 19in x 
8jin x 34in, weight 234lb, translates the 
information read by the tape reading 
heads, or message senders, into telegraph 
code. 

The manufacturers claim many advan- 
tages for this very original equipment. It 
occupies less operator’s space than con- 
ventional tape heads, provides complete 
flexibility under all cperating conditions 
and permits maximum loading of several 
circuits by one operator. 

EE 1760 for further details 


*MOTOLOAD’ RELAY 
(Illustrated below) 


Radiovisor Parent Lid, Stanhope Works, High 
Path, London, S.W.19 


HE Radiovisor electronic ‘ Motoload ” 

relay unit is a versatile equipment 
applicable to any control function which 
may be initiated from a current change 
in the feed to an electric motor, caused 
by varying loads or other conditions. 

The equipment is designed for use in 
conjunction with a current transformer, 
this latter having a standard output 
arranged to operate the electronic circuit 
of the control unit. 

Alternative equipments are available 
with and without indicating instruments 
and auxiliary circuits are arranged to 
accept latching contacts for those appli- 
cations where manual resetting is desir- 
able. 


The * Motoload’ is connected in series 
with the driving motor to be monitored 
and under steady load conditions the 
relay stays in the ‘off’ position. An 
increase in load causes an increase in 
motor current and the relay operates 
immediately to give warning of the new 
condition or to perform the desired 
switching operation. 

EE 1761 for further details 


SEPTEMBER 1958 











EE 1092 for further details 





R.F. 


— SUB-MINIATURE 


COAXIAL 
CABLES 















fl 


Dds 


Hi 


Liytitile = th 
Latto” : 


tH issih) 





21 pitvetey, 


& 






. 


for 
miniaturized 
electronic 

equipment 











These extremely small 
coaxial radio frequency cables 
offer great savings in size and 
weight. Overall diameters are, 
for instance, less than 0.1 inch. 
The cables are of particular 
interest to designers of minia- 
turized electronic equipment, 
both ground and airborne. 
Technical information is 
available on request. 














BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.1I 
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° 
656. § 
rs ENVIRONMENTAL TESTING és 
5 Every Texas device is subjected to 
thorough environmental testing before 
despatch. This includes storage at 
-65°C. and +150°C. as weil as 
continued operation at 150°C. After 
this, it is subjected to thorough drop 
and vibration testing. 








NEW 4 WATT POWER TRANSISTOR 


HE NEW TEXAS medium power transistor with a collector dissipation of 

4 watts makes possible a high degree of miniaturisation of servo amplifiers 
For example a pair in Class *‘ B’ push-pull operating from a 36 volt supply gives 
4 watts output, sufficient to drive a size 10 servo motor at full torque. 

Additional important features of these new devices are: a minimum alpha cut- 
off frequency of 4 Mc/s collector voltages of 60 for the 2S017 and 100 for the 2S018, 
and a maximum storage temperature of 200°C. 





. nae : . : : ACTUAL 
Circuit design information on these and other Texas power transistors is provided SIZE 


in our Application Report on servo amplifier design. 








TEXAS INSTRUMENTS LIMITED 


Pioneers of Semiconductors 


DALLAS ROAD, BEDFORD. TEL: BEDFORD 68051 CABLES: TEXINLIM BEDFORD 
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Introducing another outstanding 
Ediswan Mazda valve, type U191 


For the information of set designers we are publishing details of 
individual 0.3 amp heater valves in our ‘First Preference’ Range for 
TV circuits. If you are a TV manufacturer we shall be pleased to 
supply full technical details of our ‘First Preference’ Range, together 
with a set of valves for testing, on receipt of your enquiry. The valve 
dealt with here is the Type U19I1, new quicker heating efficiency 
diode for a.c./d.c. mains television receivers. 
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ANODE VOLTS 


Characteristics of Average Ediswan Mazda Valve Type U191 


APPLICATION NOTES 


The Ediswan Mazda U191 is designed specifically for use as the 
efficiency diode in conjunction with line scanning valves such as the 
30P4 output valve in energy-recovery types of line scanning circuits 
in a.c./d.c. television receivers. The heater may be directly connected 
in the normal series chain as the insulation between heater and 
cathode is adequate to withstand the pulse voltages encountered in 
auto-transformer scanning circuits. This high voltage insulation 
generally results in high thermal inertia of the cathode, giving a 
much longer heating time than the remaining valves in a television 
receiver. In the U191, however, the thermal inertia has been reduced 
considerably so that there is only a delay of a few seconds between 
the warm-up of other valves in the receiver and the start of operation 
of the line scanning circuits. Besides reducing the waiting time for a 
picture to appear, this factor also alleviates problems of protection 
of valves where a line-gated system of automatic gain control is used. 
















VALVE TYPE U191 
Heater Current (amps) In 0.3 
Heater Voltage (volts) Vi 19.0 





MAXIMUM DESIGN. CENTRE RATINGS 
Anode current (mean) (mA) Jaav) max 150 


Anode current (peak) (mA) 
(for peak ‘mean ratio of 3) Jaipk) max 450 


Anode current (peak) (mA) 


(for peak mean ratio of 5) Tacpk) mas 600 
Peak inverse anode voltage (kV) P.1.V. (max) 4.5* 
Heater-cathode voltage (kV) 

(h-ve, pulse) Vn-k(pk) max 4.5* 
Heater-cathade voltage (volts) 

(h-ve, d.c peak a.c.) Vh-k (max) 900F 

INTER-ELECTRODE CAPACITANCES 
Anode-heater plus cathode (pF) Ca-h.k ry 
Cathode-heater plus anode (pF) Ck-ha 9.0 


MAXIMUM DIMENSIONS 


Overall length (mm) 90 
Diameter (mm) 32 
Seated height (mm) 77 


* Rated for a positive cathode pulse not exceeding 15uS in duration 
and 15%, duty cycle. An absolute rating of 5.3 kV must not be 
exceeded. 

In this rating, the d.c. component is the average cathode voltage 
over the complete scanning period. In auto-transformer scanning 
circuits, this is equivalent to the boosted H.T. voltage and should 
not exceed 600 V. The a.c. component is the peak voltage of 
the 50 c/s voltage measured on the higher potential heater pin. 


+ 


a lly 


Technical Service Dept. (Radio), 155 Charing Cross Road, London, W.C.2. 


Te‘ephone: GERrard 8660 Te evrams: Sieswan, Westcent, London. 
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ORTIPHONE 


for MINIATURIZATION 


EARPHONES and ACCESSORIES 


Thanks to greatly increased production resulting from improved techniques and automation, 
5 Fortiphone can offer acoustic units of consistent quality at extremely attractive prices with 

prompt delivery. 

The Fortiphone range includes: 


Standard 
Wide Frequency Range 
High Power (100mW for lapel loud-speaker use) units in the impedance range of 15/2000 ohms 


SUB-MINIATURE TYPES (0.62” diameter) 


ACCESSORIES include, cables, connectors, ear-loops, earmoulds, headbands, jack-plugs 
and sockets. 


NOTE: Set makers are invited to apply for quotations for complete ‘‘personal listening’’ kits 
for miniature radio receivers. 


APPROVED TRANSFORMER RANGE 


Granted Advance Quality Approval (Open Types), Advance Limited Approval 
(Encapsulated Types) to RCS214, the Fortiphone range includes screened, encapsulated, 
and open types with or without printed circuit terminations and suitable for transistor 
circuits, microphone matching and many other applications. Push-pull types suitable 


for 4.5V, 6V, 9V and I2V transistor amplifiers are available. 


Miniature bobbins for transformers and transductors are available and complete 


assemblies can be produced to customers’ specifications. 


NOTE: For further details see the Fortiphone Transformer Handbook. 


® SUBMINIATURE CONTROLS and SWITCHES 


The small potentiometer shown in the illustration is typical of a component specially 
designed for sub-miniature circuit assemblies. This potentiometer, type VC.26A is 
probably the smallest unit of its kind in the world, and has an overall depth of 0.095’ 


exclusive of fixing stud and terminations, and a knob overall diameter of 0.45”. A 





switch potentiometer version is under development. The larger unit shown is 
available as a switch potentiometer or a multi-position switch. 
Further details of the above and many other miniature controls and switches will be 


supplied on application. 





MINIATURE COMPONENTS AND 
oO DEVELOPMENT AND PRODUCTION OF MINIATURE 
ELECTRONIC EQUIPMENT AND ASSEMBLIES 
FINE WIRE WINDINGS 
SMALL MOULDED, PRESSED AND MACHINED 
PARTS AND SUB-ASSEMBLIES 


(sk For TIPHONE umite 


92, MIDDLESEX STREET, LONDON, E.! 
Telephone: BiShopsgate 087! 
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Keep it clean! 







All the features required for the 
precision heat treatment of 
electronic valve components are 
offered in the Royce High Tem- 
perature Hydrogen Furnace, 
which is used by leading manu- 
facturers in the electronic industry 











@ Heating element suitable for 
temperatures up to 1750°C. 






@ Input voltage stepless variable 
for wide range from 1000°C. 







@ Pure alumina lining and high 
temperature insulation 







@ Hydrogen atmosphere maintained 
throughout preheat, heating and 
water-cooled exit chamber. 









Fine temperature control by hand 
adjustment or automatic temperature- 7 
voltage control. 







@ Time cycle controlled by hand or 
by automatic stoker. 







@ Controlled oxidisation when required 
by Royce Humidifier Unit. 











Standard sizes range from |” to 5” diam. 
tubes. Units designed to individual 
requirements can be offered with chambers 
up to 12” width and height. 









For fuller details write for leaflet No. R.F.5 





ROYCE ELECTRIC FURNACES LTD 


Designers and manufacturers of furnaces, ovens & kilns for all industries 






SIR RICHARD’S BRIDGE, WALTON-ON-THAMES, SURREY. Telephone: Walton-on-Thames 2577/8 


NRP/RF 320 
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Fs ag Record on Emitape—the magnetic tape made in the largest 

tape factory in Europe and used by the world’s leading 
recording and broadcasting authorities, by industry and 
science... Exacting technical standards and a rigid system 
of testing ensure that consistently high quality of recording 
for which Emitape is world-famous. 


EMITAPE'S outstanding technical features 


@ High sensitivity @ Low noise level 
@ Low ‘print through’ factor @ Anti-static 
@ Freedom from curl and stretch 





250 
*“*Message"’ 
250° 
600 
850 
850 fi. 
1200’ fl 

1200 Ge. 
1800’ £2. 
1750’ £2 

2400 £3. 


*‘Junior’’ 
“Continental” 


“Standard” 
“77"' *‘Pen-tested "’ 


EMITAPE 88°’ General Purpose 


99°" Long Play giving 50°, increased 
playing time 








eooococeoooeoeo an wo @ gg! 





“Prefessional’*) 





%* Also available in EMICASE — 2s. 6d. extra 








EMITAPE accessories 

for jointing and editing 

* Jointing block and cutter AP 46 

* Jointing compound AP 35 for C.A. Base Tape 

* Jointing compound AP 77 for P.V.C. Base Tape 

* Non-magnetic scissors AP 39 

* P.V.C. editing and marker tapes in a range of 6 colours AP38/1-6 
Jointing. tape AP 103 


EMICASE available separately! 


protect your recordings 


* Emicase gives easy identification of leader tapes 
* Has visible index 
* Solves your storage problem 


Emicases : 5° 3/6 — 53" 3/6—7’ 4/- 


For further details ask your local dealer or write to: 


E-M-I SALES & SERVICE LTD. (RECORDING MATERIALS DIVISION) HAYES, MIDDLESEX 


es/n/ie 
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Hivolt are specialists. They specialise 
in the development of instruments and 
equipment for high-voltage users. Their 
h H h clients over the past 10 years include all 
Ig oo VO tage the major establishments in the world 
h d where high voltages are required. 
res e arc a Nn For more detailed information of 


standard and special products please 


d ECVE | O Dp IMENT write to Hivott Limited, 93, Princedale 


Road, London, W.11. 
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3-30 KV Stabilized Power Supply and 
Breakdown Tester 


With reversible polarity and capable of giving 1 mA throughout the 
whole range, this versatile Hivolt instrument can be used both as a 
power supply and as a breakdown tester. Stabilized against changes 
of load and mains. 


£145 0. 0. ex works 
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screw cores 


Gecalloy screw cores for Radio and Television application provide an inexpensive 
and simple method of inductance adjustment. 


Moulding in three types of insulated powdered iron produces cores with 
the highest resistivity, ideal for H.F. and V.H.F. working. 


Available in three grades: M.E. for frequencies from 100 Kc/s to 50 Mc/s 
M.F. for frequencies from 5 Mc/s to 200 Mc/s 
M.A. for frequencies from 50 Mc/s to 300 Mc/s 


A comprehensive range of bobbins also available. 


Write for leaflets giving full technical details. 


SALFORD ELECTRICAL INSTRUMENTS LIMITED 


(COMPONENTS GROUP) 


TIMES MILL +: HEYWOOD - LANCASHIRE: Telephone Heywood 6868 
; London Sales Office: Telephone Temple Bar 4669 


A SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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VIBRATO 
E501 COMPLETES THE SYSTEM 
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VIBRATION — 
GENERATOR ° . 
; MODEL D120 MODEL ESOI MODEL DS 
POWER CONTROL 
ACCELEROMETER AMPLIFIER AMPLIFIER ee 
: ° : 
* . s 























VIBRATOR 





POWER AMP 


eT ec US 
, > + 


THE CONTROL AMPLIFIER MODEL E.501 completes the GOODMANS Vibration System. It is capable of controlling 
vibration parameters to a levei which can be pre-set or programmed from external source. This unit consists of : 


CONTROL AMP OSCILLATOR 


—{— —_— 




















































a special input stage a metering circuit a compressing amplifier and 
a head amplifier an error detector stage a cathode follower 






Under suitable circumstances, an error of 36 dB can be compressed to about 3 dB. The amplified and rectified output from 
a Suitable vibration pick-up is compared with a pre-determined direct voltage, to derive a signal indicative of the error of 
the vibration level from the desired value. The error signal controls the compressing amplifier, to which an external sine 
wave oscillator supplies alternating input, thus giving a sine wave signal of frequency determined by the oscillator setting, 
but of such amplitude that it will produce the correct level of vibration (after passing through a power amplifier if necessary). 
Working frequency range is from 20 cycles to 10 kilocycles, but response can be obtained beyond these limits. 







Input sockets are provided for FIVE signal sources, which can be switch selected at the input of the special cathode follower; 
for crystal accelerometers of sensitivity from 10 to 20m V/g the meter sensitivity adjustment can be set for full scale values 
of 10g and 50g respectively on the two ranges provided. The specially designed input cathode follower enables crystal 
accelerometers to be used with cable lengths over 30 ft. without disadvantage. 
A co-axial socket is fitted which provides an output from the cathode 
follower stage, and is suitable for connecting directly to any conventional EWN Q UIRY FORM™M 
cathode ray oscilloscope without additional impedance conversion. An 

oscillator input signal of 150 mV r.m.s. is suitable and a maximum output of ean Se mh cane names 
4 V r.m.s. can be provided by the amplifier. At an output level of | V the total ENGLAND 
harmonic distortion is less than 2%. We are interested in the following 



























. *: €- O.2 FF ss 2: 7. Se oe 


Frequency range...... ene 20c/s to 10kc/s Required Oscil- 
lator input. 1SOmV into Imegohm 





Control Amplifier E501 




















General Catalogue 





Signal input 




















impedance. 50Mohm approx. in eR iscincsaretinceeianabes 4V r.m.s. max. Equipment to vibrate load of Ib 
lel h 2° f . j 
aie same a tock. ¥ Distortion ............1% at IV r.m.s. output a a( in) os ce cs 
Signal amplifier Output impedance ._...700 ohms nominal in Suitable driving equipment 
gain........ : 34dB to 40dB (preset). series with ImF. 
Correction At a working level of A vibration system for the duty of 
Meter sensitivity 10g peak F.S.D. and 50g — 25g, an error of 36dB is 










peak F.S.D. at accelero- 


corrected to 3dB 
meter sensitivity of 





























10-20mv /g. Compression 

criterion......... peak signal 
PGeCSr BOSUFACY ..........00--ccrecesceeeeces» + 10% Name 

Mains supply.........200V to 245V, IV to 
Rectifier function oo... peak 145V, 50c/s to 60c; Company 

‘ s ‘ 
GOODMANS ‘a 
AXIOM WORKS - WEMBLEY - MIDDX - ENGLAND acne counts Ghnaalet eaiieae = 
GOODMANS INDUSTRIES, LIMITED Telephone: WEMbiey 1200 (8 lines) 
Cables : Goodaxiom, Wembley, England. Visit us at the 






GD.22 FARNBOROUGH AIR SHOW STAND 264 


September | to September 7 
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A revolution in Oscillographs 

The Mingograph 230B permits direct 

recordings to be obtained of approximately 

ten times greater frequency range than has previously 
been possible. It is an outstanding 

advance in the field of scientific and 


industrial measuring instruments. 


MINGOGRAPH BBE 

















































































































SIEREX LTD 


241 Tottenham Court Rozd, London W1 
Telephore No. Langham 2464 
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Permanent magnets require a magnetising 
force proportional to the coercivity of the 
material. It is extremely important that the 
magnetising force is not below the specified 
minimum value, otherwise a reduced perfor- 
mance may be obtained from the magnet. 


To assist the designer these values are given 
below. 


MAGNETISING FORCE 
c.g.-5. M.K.S. 


MATERIAL 


‘Ticonal’ C, G, Gx and L 2,500 AT/cm. 0.25 x 10° AT/m 
*Ticonal’ K 3,600 AT /cm. 0.36 x 10° AT/m. 
‘Reco’ 3A 2,000 AT /cm. 0.20 x 10° AT/m 
*“Magnadur' | 12,000 AT/cm. 1.2 x 10° AT/m. 


Modern magnet materials require consider- 
ably more magnetising power than earlier 
materials. It may be as high as 40 times that 
required by tungsten or chrome steels. In 
order to obtain the maximum effect from the 
magnetising current it is recommended to 
short circuit the magnet during magnetis- 
ation by a heavy iron yoke. 

The magnetising current may be obtained by 
several methods; some of which are outlined 
below. 


' {>} Oo 
230v.ac | 
215} 4 


Fig. 7. 








a. Metal Rectifiers (Fig. 1.)— generally prefer- 
able where it is possible to use a low current 
and many turns on a pre-wound coil. If an 
electromagnet is used it should be possible to 


Mullard & 
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Methods of ~~ 
Magnetising Magnets 


Advertisements in this series deal with general 
design considerations. If you require more specific 
information on the use of permanent magnets, 
please send your enquiry to the address below, 
mentioning the Design Advisory Service. 


attach specially shaped pole pieces to magne- 
tise various types of magnets or magnet 
assemblies. 


b. ignitron Pulse Circuits—the use of ignitrons 
for controlling half cycle pulses is recom- 
mended where repetition magnetisation is 
required. The current available directly from 
the mains is usually sufficient for magnetising 
most magnets, but if a higher current is 
required, specially designed transformers are 
available for stepping the current up to 
higher values, of the order of 100,000 amps. 
This method is not recommended for magnets 
of large section as the eddy-current shielding 
effect produced during pulse magnetisation 
opposes the magnetising field and incomplete 
magnetisation may result. 


c. Storage Accumulators—these are normally 
recommended for supplying current to coils 
for experimental work. When using accumu- 
lators adequate precautions should be taken 
for breaking the highly inductive circuit 
carrying high current. 


d. Capacitor Discharge— the high current 
usually associated with magnetising can be 
obtained by discharging the current from a 
large charged condenser. This method gener- 
ally uses an ignitron both as a switch and as 
a means to prevent oscillation with con- 
sequent partial demagnetisation of the 
magnet. 


e. Motor-generators—can be particularly use- 
ful for supplying the current necessary 
for magnetising purposes. A wide variety 
of these are available to suit individual 
requirements. 


*‘TICONAL’ PERMANENT MAGNETS 
*MAGNADUR’ CERAMIC MAGNETS 
FERROXCUBE MAGNETIC CORES 
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When you're dreaming up plans to increase production it’s time to wake up to AZOFLEX. It’s the 

only process to apply a controlled quantity of developer, thus ensuring optimum quality at all 

running speeds—and it’s the only daylight reflex copying process. There are no dangerous 

chemicals and because no ducting is necessary to take away offensive fumes, machines are freely 
movable from place to place. Exposing, developing 
and print delivery are completely synchronised and 
output is virtually as fast as the operator. In plain 
language the AZOFLEX MODEL 42/63 can produce more 
than one hundred 20” x 30” prints an hour at a lower 
cost per print than you ever dreamed. 


AZOFLEX MODEL 42/635 MARK Ii 

Synchronised printing and developing machine. Capacity : 
cut sheets and rolls up to 42 in. wide. Printing speed: 
from 6 in. to 154 ft. per minute. Dimensions: Height 
50 in., width 71 in., depth 52 in. with delivery tray 
extended. Weight: approximately 850 Ib. 





Enquiries to: 
Ilford Limited, 


Industrial Sales Dept. AZ13G 
Ilford, Essex, 


Telephone: ILFord 3000 








MACHINES AND MATERIALS FOR DRAWING OFFICE PHOTOPRINTING 
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LABOUR LEOCAST 


we S PACE RESIN ENCAPSULATED 
COST COMPONENTS 


LEOLITE Panel Mounting Indicators comprise 
an indicating neon and a bleeder or load resistance 
network. They are used in power supply units and 
for similar applications. Under severe conditions of 
humidity their performance is superlative and they 
are made to meet a wide range of voltages. Full 


details are given in the Leolite leaflet. 





If you have been in the habit of making up your 

posse naan anewead high voltage resistance networks ‘the hard way’ you 
should look at these LEQMEG encapsulated 

resistor networks. They can show a saving in cost, 

with the added advantages of electrical and physical 

protection in humid conditions from —40°C to 

+-80°C at voltages up to 20kV. The Leomeg leaflet 


gives full details. 


More and more organisations are having 
sub-circuits and components encapsulated 
by the Leocast process to provide maximum 


protection and to facilitate final assembly. 


The Leocast process of resin encapsulation is being called for by 
Government Establishments and manufacturers of Guided Weapons 
and Electronic Equipments. May we send you particulars? 


LION ELECTRONIC DEVELOPMENTS LTD 


Lion Works, Hanworth Trading Estate, Hampton Rd. 
FELTHAM, MIDDLESEX 


Telephone: FELtham 6661 (5 lines) 
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MARCONI 


Telecommunications 


The post and telegraph authorities of more than 
80 countries use Marconi equipment 


Electronics for Aviation 


More than §0 Civil Airlines and 30 Air Forces 
use Marconi radio, radar and navigational aids 


Television 


18 countries rely on Marconi Television 


Transmitting or Studio Equipment 


Broadcasting 


80 countries rely on Marconi 
broadcasting equipment 


Radar 


29 countries use Marconi Radar 


MARCONI 


COMPLETE SYSTEM PLANNERS 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 


M8 
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BLUE ARROW SERVICE 


























for connectors—in a hurry 


Special order forms are needed 


Here is a really hot-foot delivery 
service for all those who need 
Plessey Electrical Connectors ina 
hurry. And in creating the ‘*‘Blue 
Arrow’ delivery service, Plessey is 
providing yet another facility for 
Industry. 


Wherever possible ‘‘Blue Arrow’”’ 
means return-of-post service on 
connectors, standard parts and as- 
semblies—and is designed to meet 
the demands of Design Engineers 
requiring small quantities of these 

lessey products for development 
work and prototypes. 


I am interested in the Plessey ‘‘ BLUE ARROW” Service. 
Please forward full details to me. 


BN rai cai ccstencicentetiaciunbodsgiamatiethania 


Name and Address of Company 


SEPTEMBER 1958 (0) 


Title or 
Department 


for participation in the ‘Blue 
Arrow’’ scheme. These and all the 
information you will require, de- 
tailing the terms of this service, 
may be had by completing the 
coupon below and mailing it to: 
** Blue Arrow” Service 
Electrical Connectors Division 
The Plessey Company Limited 
Cheney Manor 


Swindon, Wilts. 


» PW4 
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$4A/120 E6Sq/270 


The tubes illustrated are selected from the extensive range of precision 


instrument cathode ray tubes now available. Catalogue on request. 
20th Century 


S5A/510 Very high sensitivity single gun tube. 








Silo Large electrostatic demonstration tube. 





$4A/120 4’ Flat face high sensitivity oscilloscope tube. 
range M6Sq/302 Square face high resolution magnetic monitor tube. 








E6Sq/270 Square face tube with eight independent guns. 





Q6 Round face four gun tube with flat screen. 
of Dé Flat face precision double gun tube. 


CATHODE 
RAY 
TUBES 




















ele CrROMics 


LIMITED 





20TH CENTURY ELECTRONICS LTD 
Centronics Works 

King Henry’s Drive 

New Addington + Surrey 

Lodge Hill 2121 
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The Greeks 
had a 


word 


for it”! 


BAPAEY 
MATNHTI= AIOO> 


Or, to be more precise, Varley Solenoids, which push, pull 

punch or press from fractions of an ounce to hundreds of pounds through 
thousandths of an inch to five inches. 

Remote control by Varley Solenoids saves time and money. 

100°, British in design and manufacture. All normal voltages and 
ratings “ off-the-shelf’’. For any specific application 
prototypes—7-10 days, quantity production—3-4 weeks. 


For full details of Varley Solenoids mail this coupon :— 





OLIVER PELL CONTROL LTD 


Cambridge Row Woolwich London, 8.E.18 - England 
ar Cy SOLENOIDS Cables: Varlymag, Woolwich Telephone : Woolwich 1422 


» TRADE MARK 


COMPANY 
FOR REMOTE CONTROL 


ADDRESS 











OP%S.3¢ 
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Have you a housing problem? 


DATUM Instrument Racks are available either in unit form or multi-bay 
assembly. The precision unit construction lends itself to easy adaption to 
suit customers’ specific technical requirements from standard stocks — 
thus ensuring the minimum delivery period. 

Standard heights are: 3’, 4’, 5’, 6’ and 7’ each with a choice of three 
depths: 15”, 19” and 23”. 


Datum 
INSTRUMENT RACKS 


SEND FOR THE 


Type: 3U-SS7. 
Standard P.O. Front Panel 
53” x 19”. O/Depth 7”. 
CATALOGUE TODAY Finish Silver Grey or 
Blue-Grey Hammer. 


DAVIS AND THOMPSON LTD 
JLT, 


WATFORD BY-PASS WATFORD . HERTS be Hy: 
TELEPHONE: WATFORD 6566 TELEGRAMS: DATUM WATFORD AD/D4 
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b]D 
PAK 


WORLDS FINEST COMPLETE 


4% Y 


Uy 


4, 


/) 


SPECIALISED SCREW SERVIC 


-— 


Te 


You never notice a screw 
when it does its job. 
When it doesn’t, you wish you'd 
specified Unbrako. 
Make no mistake, you can always specify 
Unbrako. 
There is a huge standard range to choose from, but if 
you need something really unusual, Unbrako will work to 
your specification or design a special screw in B.A., 
B.S.W., B.S.F., metric and unified. 
Unbrako technicians are fastener-minded. What's 
more, they are enthusiastic and helpful people, 
men who really know their job. They make the 
best screw that money can buy — a screw you 
-an fit and forget. Details of sizes and threads 
will gladly be supplied on request. 


hh ee 


A 


MYL 


UNBRAKO SOCKET SCREW CO. LTD., COVENTRY, ENGLAND 
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looking for an accurate resistor 


that is stable and reliable? 























it’s available now from 





JAMES A JOBLING 





manufacturers of. 


PY REX brand glassware 
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the metal oxide film resistor 








|___diameter 
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WAYNE KERR UNIVERSAL BRIDGE B.221 


wa 











Specification 


BRIDGE ONLY : 
Capacitance : 0.0002 pF to 10 uF 





in 7 ranges. Accuracy +4%. eer 
Conductance: 0-+ 100 mmho Ceara 2 
in 7 ranges. Inductance : Hite Jpintticne Se 
BEE OS 


1mH to infinity in 
7 ranges. Measuring 
Frequency : 10,000 radians/sec. 
(1592 c/s.) Power Supply: 
110/115 and 200/250 V 40/60 « 
Dimensions: 17” x 7” x 11)” 
high. Weight: 25 lbs. approx. 


TO 100,000 


3 


@ Accuracy to 
a continuou 
reactive term 

WITH LOW IMPEDANCE 
ADAPTOR : 

Capacitance : luF—100,000uF 
in 4 ranges. Resistance: 

0-100 in 4 ranges: Discrimi- 

nation on lowest range 50u Q. 
Inductance : 0-10 mH in 4 
ranges. Discrimination.on 


The B.221 is 
formerratioa 


impedance or 
an extremely 





conductivity, 


design. It provides facilities for the two, 
three, or four- 


gp cmt? ON x . . 
IPH EE oe TORR ara 


ME 
2 





UNIVERSAL BRIDGE 


YNE KER 











ERR iat atte Sees. 
RBS its ot 


50 MICRO-OHMS TO 10,000 MEGOHMS .0002 PICOFARAD 


MICROFARADS, 5 MILLIMICROHENRIES TO INFINITY 


0.25% is achieved with complete stability. @ Two decades and 
sly variable control indicate independently the resistive and 
s to four significant figures. @ Adaptors for measurements of 
dielectric constant and loss factor of solids and liquids. 


situ measurement. A novel mechanism 
automatically displays the cyphers, 
decimals and units of measurement 
This gives direct reading and avoids 
any confusion which might be caused 
by the large multiplying factors in- 


a highly accurate trans- 
rm bridge of very advanced 


terminal measurement of 
transfer admittance over 
wide range at an operat- 


ns x ing frequency of 10,000 radians/sec. volved. 
lowest range SmuH. (1592 c/s). The basic range of the instrument 
Measurement is unaffected by the covers impedances from 10,000 megohms 


PRICES 


Bridge, £200. Low Impedance 
Adaptor £25 


impedance of the test leads, which can 
therefore be ofany length. Consequently 
the instrument is ideally suitable for 
the determination of temperature co- 
efficient of components under test 
conditions or, in fact, any remote in 


to 10 ohms and this is extended to 5) 
micro-ohms by the use of the Low Im 
pedance Adaptor. Other adaptors have 
been designed for measurement of con- 
ductivity, dielectric constant and loss 
factor of solids and liquids. 





St 
od 


[<4 


Inductance Meter Type M.149 





A small portable 
instrument designed 
for the simple and 
direct measurement of 
inductance values 
between 0.05 .H and 100mH. 
Price £65 
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WAYNE KERR 


Admittance Bridge Type B.90! 


An extremely stable transformer 
ratio-arm bridge designed for 
unbalanced measurements on 

aerials, feeders, cables and 
components at frequencies 
between 50 and 250 Mc;s. 
Price £175 
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Thés & IMHOFS news FORCED VENTILATION RAK" 














bs] 
= 











Here’s the latest addition to the Imhof standard range—a specially- 
designed enclosed rak with effective forced ventilation. Its successful 
secret is a powerful blower unit which, combined with the semi- 
sealing of all doors, ensures efficient economical cooling. Imhofs 
Forced Ventilation raks are available in heights of 4’, 5’, 6’ and 7’ 
(alternative panel sizes and depths to each height) and can be 
supplied in any quantity within 7 days—complete with the acces- 
sories of your choice. Write now for descriptive literature. 
IMHOFS STANDARD RAKS CUT YOUR COSTS-SAVE YOU TIME 
Imhof standard raks are available in 29 different sizes, with one or more 
bays as required. Precision built from fine materials, beautifully designed 
and finished, they can be supplied in any quantity ex stock in 7 days. 
Generous discounts for large orders. Comprehensive catalogue free on 
request : just phone, or write on your company’s letterheading. 


ALFRED IMHOF LIMITED Dept. F9 Ashley Works Cowley Mill Road Uxbridge Middx Tel: UX5-5567 
Export & London Showrooms: 112/116 New Oxford Street WCl Tel: MUSeum 7878 
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Your 


Analogue 
computer 


will cost 


from An Analogue Computer designed and built for the de Havilland 


Aircraft Company by Saunders-Roe Electronics Division. 


Saunders- Roe * WHY? Simply because Saunders-Roe computer units to meet your individual 


computers are custom-built from our requirements. We invite you to get in 
range of high performance standard touch with the 


SAUNDERS*ROE 


ELECTRONICS DIVISION 


SAUNDERS-ROE LIMITED - EAST COWES - ISLE OF WIGHT - TELEPHONE: COWES 2211 





Wee eee tstetererene 


arn. 
= Rubber Components for 

R the more Exacting Applications 
Nii” 


eo: © 0 ¢ &.6 @-6@ ¢@ 








Our wide experience in the field of 
precision rubber engineering qualifies us to 
advise on the rubber compounds and design 
of components to meet the more exacting applications. 
Our pliant is fully equipped to deal with bulk production 
as well as small quantity requirements for prototype 
and development work. 

Designers and Engineers will be interested in our new 
publication, ‘Synthetic and Natural Rubbers and their 
Uses’ — copy sent upon request. 


High Grade Rubber Mouldings and Extrusions - ‘O’ Rings 
Seals - Bushes - Grommets - Diaphragms - Bonded Parts 
and Compenents in Natural, Synthetic and Silicone Rubbers 





eee#ees 
@ee#e# - ee 
nan ata nanan” eeee ae oe 8 

APPROVED A.I.D. AND A.R. 
PRECISION RUBBERS LIMITED - BAGWORTH - LEICES - Phone: BAGWORTH 241/2/3 


Producers of Rubber Mouldings to fine dimensional tolerances and officially approved specifications 
EE 1116 for further details 
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AT EVERY WIRES END... theresa ~_ 
call for COLLETT! =— 


TERMINALS WIRING ACCESSORIES P— 
. . without delay . . . every one of our standard range of over —— 
130 different types is always available from stock! 


We specialise in the supply of terminals, tags and clips. Small quantities? 


Sp 0 © 
O/ 


With pleasure! Our | gross boxes of high-grade terminals 


are famous throughout the industry. Please write or phone for catalogue 


S. H. COLLETT Mfg Co Ltd 
Electronics Dept., 347 & 349 Goswell Road, London, EC! Tel: TERminus 2584 O, 


Pee Tee 





There’s nothing “ie 
new in this Tix} The ONLY 


relay P} //) | PLUG-IN 
EXCEPT Wie 3000 TYPE RELAY 


COMPLETE WITH BASE AND 
TRANSPARENT DUST COVER 





A.1.D. A.R.B. 
ADMIRALTY 
APPROVED 


3000 & 600 TYPE RELAYS 











Pat. No. 38370/57 


A.D.S. RELAYS LTD. 


12, STORE STREET, LONDON, W.C.! 
— Tel: MUSeum 2453 











EE 1118 for further details 


SEPTEMBER 1958 ELECTRONIC ENGINEERING 





EE 1119 for further details 


rr 
A 


ACTUAL SIZE “4 z BA NUT A DEEP TAPPED HOLE 
IN THIN SHEET METAL? 


The ROSAN Press Nut is the designer’s answer 

to this problem. It is simple to secure and no 
counterboring or countersinking is required. Once 
in, it is there for good. 

The ROSAN Press Nut is made in all threads 

up to 3” and to special requirements. 

To obtain full details of the ROSAN Press Nut, 
write or phone the Instrument Screw Co. Ltd., 
Northolt Road, South Harrow, Middlesex, 
Telephone BYRon 1141, who will send you 

a descriptive leaflet and a sample. 





a 


ACTUAL SIZE OF A 4 BA NUT Specialists in precision turned parts Pat. App. No 
up to 2}" dia. to customers’ special f ; 
requirements. 19826/57. 


ee ee at a 
nia soon hanes core walls 








HOW CAN THEY EXPECT 
GOOD WORK WITH THIS 
NOISE AND VIBRATION? 


Vibration doesn’t only wear out workers. It wears out 


machines, too. Luckily, there’s Croid-Cooper nowadays. 
With the Croid-Cooper method you stick your machines 
down like a stamp—but a stamp with a holding power 

of 50 Ibs. to the square inch—move 

them when you like, do away with 

bolting, grouting, damaged floors. 

And the Croid-Cooper method can 

absorb more than 80% of vertical 


vibration on some machines. 


MACHINE FIXING GLUE Send for details today. 


COOPERS 
EELY | COOPER & CO. (B’HAM) LTD. BRYNMAWR, BRECONSHIRE 
: TELEPHONE: BRYNMAWR 312 
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seen through a British lens from 50,000 feet 
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SIMA House, 20 Queen Anne St.,London, W.1 
Enquiries: tmperial 6000 -Secre 





Here, at the headquarters of 
The Scientific Instrument Manufacturers Association of Great Britain, 


you can reach, through one address, over 156 manufacturers of the world’s 
finest instruments, covering the entire field of electrical, electronic and 
nuclear instruments, optics, navigational and survey equipment, research 
and laboratory apparatus, engineering measurement and general 


industrial instrumentation. 


This space donated by 


Kelvin & Hughes Limited 








INSTRUMENT CENTRE 


t: Langham 4251 


¥ 


r 
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the multi-purpose 

motor for sequence 
switching, chart 
recorders, process 
controllers, instrumenta- : 
tion, auto-lubrication, etc.” 


* SELF STARTING 

* VEARS OF RELIABLE 
SERVICE 

* WIDE VARIETY OF OUT- 
PUT SPEEDS 


ge 
“ ~ 


"ve ies. \ - ssa : 
VM j T ll “ Sintered bronze rotor bearings ensure long life. Power 
consumed 2 watts. Write or telephone now for full details of 
this compact, totally enclosed LIGHT DUTY Motor Unit. 


CONSTANT MOTOR SPEEDS Smiths also manufacture a range of Control Clocks and Time 


Switches for industrial equipment and domestic appliances. 


’ fn ‘ 
Syl THS CLOCK & WATCH DIVISION Contracts Branch, 179 Great Portiand Street, London, W.!. Telephone: LANgham 58/1 
en Overseas enquiries to Sectric House, London, N.W.2, England 





The quick fastener 
of sure reliability 


Shown here in 
the locked 
Position, the 
Dzus Fastener 
is instantly 
unlocked by 


FASTENERS [ee 


special tool 
is required. 


This is the fastener so widely “oe Cam operation ensures 


° h work: 
_ used for fast assembly operations amioeahibio aries 
in the precision mass-production of Secor inate co acke 
. . . ' of ien 0 sul 
today. It is indispensable for fastening j Seibonedmnenniel. 
hinged or removable parts which bi 
have to be cleaned, adjusted or inspected. / — eestor ror 
. . en reat stren, 
DZUS Fasteners are easily applied to and puede pana 
solid or laminated materials of any loosening, however 
= intense the vibration. 
gauge. They have tremendous holding 
power but only an easy quarter turn 
clockwise is necessary to lock 


them fast, or unlock them. 


Write for full details of application to your particular industry to: 
DZUS FASTENER EUROPE LIMITED 

Farnham Factory Estate - Guildford Road - Farnham - Surrey 
Sales Agents in U.K.: THOMAS P. HEADLAND LTD. 

Melon Road - Peckham - London - S8.E.15 
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... SPECIFY 
SUNVIC 


Sunvic components are widely used for controlling equipment such 
as moulding presses, furnaces, incubators, chemical plant, etc. 
Together with the Sunvic potentiometric recorder they also have 
numerous applications in scientific and industrial research particu- 
larly for measuring, controlling and recording temperature and 
small electrical quantities. 


If you have a specific problem or would like technical information 
on any or all Sunvic components, please contact Sunvic Controls 
Ltd., P.O. Box 1, Harlow, Essex. Tel: Harlow 25271. 


ADJUSTABLE 
BIMETAL THERMOSTATS 


Sunvic TS thermostats are operated by a 

bimetal strip wound into the form of a helix. Can 

be used to control temperatures of up to 300°C. 
(570°F.) for a variety of applications in research and 
industry. Models available for air temperature control 
of rooms, cold storage and drying chambers, for oven 
control and general laboratory work, and with a 
sensitivity of +1/10°C. for very accurate control. 


ENERGY REGULATORS 


The Sunvic energy regulator effects its control by 
periodically switching on and off the power, the 
ratio of the on-time to the total time determining 

the average power input. which is continuously 
variable. Available in several forms with a 
continuous rating of 1kW at 230V. A.C.; also 
supplied with an HVS relay for larger loads. 


HOTWIRE VACUUM SWITCH 
(HVS) TUBES AND RELAYS 
Available either as a loose tube for switching up to 
10 kW at 400V. A.C. or D.C. or as a complete 
relay either enclosed in a plastic box or mounted 
on a paxolin base for incorporation in customer's 
own equipment. For single—or three-phase A.C. 
applications. Advantages are: no arcing; silent 
operation; low, non-inductive operating current; 
A.C. or D.C.; inductive or non-inductive loads 


— we Control and research equipment 
SUNVIC | for i and - ] 


relays, thermostats, time delays, energy regulators, 
An A.E.1. Company D.C. amplifiers and potentiometric recorders 
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100 MILLION MEGOHMS 


Measured with new type IMS Megohmmeter 


This new Hundred Million Megohmmeter offers high 
stability, large easy to read scale and simplicity of 
operation. 


Fast charge and automatic discharge networks permit 


fast and safe measurements on capacitors. 


Built-in leakage current guard. 


USEFUL RANGE: i MEGOHM TO 100 MILLION 
MEGOHMS 5 TEST VOLTAGES: 50, 100, 200, 500 
and 1000 VOLTS d.c. 


Meter scale calibrated from | to 100 Megohms 


with 7 range multipliers: x1, xl0,..., x10°. 


Accuracy at full scale deflection from 2°, to 5 
depending on range. 


Radiometer offers a line of 50 different instruments such as 


AF-OSCILLATORS 
R-L-C BRIDGES 


STANDARD-SIGNAL 
GENERATORS 


VACUUM-TUBE VOLTMETERS 
WAVE ANALYZERS 


ELECTROCHEMICAL 
INSTRUMENTS 


Write for complete information 


RADIOMETER 


72 Emdrupvej, Copenhagen, NY-3, Denmark 


Represented in Great Britain by 
Livingston Laboratories Ltd. 
Retcar Street, London, N.19. 
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SOLDERING EQUIPMENT 
by 


DCO 


(Regd. Trade Mark) 


(lustrated) 
i,” DETACHABLE 
BIT MODEL 
(List No. 64) 


& 


PROTECTIVE 
SHIELD 
(List No. 68) 


Supplied for all Voltages. Designed for Factory Bench Line Assembly 
Radio, T.V., Deaf Aid etc 


Write for Catalogues 
Sole Proprietors and Manufacturers 
ADCOLA PRODUCTS LTD., 


GAUDEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4 
Telephone: MACaulay 310! & 4272 
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Birch/ 


REGISTERED TRADE MARK 


VITREOUS 
ENAMELLED 
RESISTORS 


FERRULE END TYPE 
(JOINT SERVICE — TYPE APPROVED) 
9 SIZES — 10 to 250 WATT 








Fully vitrified porcelain former, winding 
80/20 nickel chrome wire. High rating, 
liberal safety margin and tolerance. 


WIRE END TYPE 
7 SIZES — 1} to 30 WATT 


Axial or radial leads, tinned, securely 
fixed to the unit and capable of support- 
ing the weight of the resistor, which can 
therefore be soldered in to equipment. 


The specially developed enamel of these resistors, fuses to an 
intensely hard, high gloss surface giving complete protection to 
the winding under the most adverse conditions. The enamel! is 
completely inert at all times and free from crazing, which allows 
wires of the finest procurable gauges to be safely employed. 
Hence a wide range of resistance values is available in each size. 


Write for List No. 190 


Birch 


REGISTERED i ee Ce oe! 


H. A. BIRCH & CO. LTD. 


WOOD STREET, WILLENHALL, STAFFORDSHIRE 


Telephone WILLENHALL 494° 495 © Grams WILOHM WILLENHALL 
LONDON OFFICE: 1-5 NORTHOLT ROAD, HARROW, MIDDLESEX 
Telephone : BYRON 5/20 
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U.H.F. MEASURING EQUIPMENT 


Trade Mark 


Type 1602-B 
U.H.F. Admittance Meter 


No engineer concerned with impedance measurements from 
41 Mc/s to 1500 Mc/s can afford to be without this unique Bridge. 
As a null instrument it can be used to measure the conductance 
and susceptance of an unknown impedance by direct reading of 
the scales. By connecting the unknown impedance through a 
50 ohm line one or more odd quarter waves in length, the scales 
read directly in terms of resistance and reactance. 

The Bridge can also be used as a comparator to indicate the 
degree of inequality between two admittances. In addition, as a 
direct reading device it can be used to determine the magnitude 
of the reflection coefficient of a coaxial feeder, or the magnitude 
of an unknown impedance, from the ratio of output voltages 
read on the detector meter. Balanced impedances can also be 
measured with the aid of the ““G.R.” Type 874-UB “Balun”. 
Owing to the unique coaxial form of the bridge arms and the use 
of the matched coaxial connectors ““G.R.” Type 874 throughout, 
any uncertainties regarding reflections (and thereby errors) at 
the vital points of connection are completely eliminated. 

There are no sliding connections to cause intermittencies since 
the conductance, susceptance and multiplying arms merely 
control the rotation of small coupling loops within the Coaxial 
arms of the bridge. A further unique feature is the independence 
with frequency of the susceptance readings. 

Additional apparatus required consists of a suitable range 
Oscillator or a Signal Generator, and a sensitive, well shielded 
receiver as the detector. If the user does not already possess 
these, suitable instruments are available from the complete 
“GENERAL RADIO” 
described in their 258-page current Catalogue ‘“‘O”’, available on 


range of measurement instruments, 


application. 





Slaude Lyons Utd. (€) 


76 OLDHALL STREET: 
VALLEY WORKS: 








LIVERPOOL 3->- 
HODDESDON: 


LANCS 
HERTS - 
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BRIEF CHARACTERISTICS 


FREQUENCY RANGE: 41 to 1500 Mc's 
can be extended down to 10 Mc/s by the use 
of a correction factor, which is a function of 
frequency. (A Chart is provided). 


This 


ACCURACY: For both conductance and suscep- 
tance (up to 1000 Mc.): from 0 to 20 millimhos 

3 0.2 millimho) from 20 to « millimhos 

3\M 0.2 millimhos) where M is the 

scale multiplying factor. Above 1000 Mc, errors 
increase slightly, and, at 1500 Mc, the basic figure 
of 3°, in the expression above becomes 5°,,. For 
matching impedances to 50 ohms, the accuracy 
is 3", up to 1500 Mc. 


DIMENSIONS: 7)” » 5)’ 
NET WEIGHT: 8} Ibs. 
REASONABLY PRICED: £177.0.0. net, 


delivered (U.K. only), complete with 
all basic accessories, all duties paid 


CENTRAL 4641 
HODdesdon 3007-8-9 


c1a2 
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PRODUCTS 


SEALED MINIATURE 

TELEPHONE RELAY 
MINIATURE TELEPHONE Hermetically sealed with 
RELAY OPEN TYPE metal base, stud connections 
Designed to meet modern y . are brought out via glass 
Dag : ; compression seals and has an 
requirements for a small yet exceptionally high insulation 
highly efficient relay for the air- resistance. 14 connection 
craft- and allied industries. pins are at present available 
Standard model, available in a and any contact combination 
wide variety of contact com- required to this number can 
binations, comparable to P.O. type 3000 and 600 range relays. be ra Mo <7 ae 
Features: High immunity to shock and vibration, smal! and light, death 2 yy width 31/32” 
ease of installation, long life. 7: ‘ ci 
Standard voltages 6, 12, 24, & 48V. D.C. Physical 
dimensions:- Height 1.77" 6 pole, depth 1.81", 
width 0.71", weight 78 grms. Contact rating 

1 amp 250 V. 


‘H’ SERIES RELAY PANEL 
MOUNTING TYPE 
A smaller version of the well 
known MK II relay is available 
1G.IN ; , . with contact arrangements from 
PLUG-IN RELAY " ‘ 3 amp T.P. to 30 amp S.P. 
First introduced in 1948 for use in Electronic Special features are :- 
Circuits where space is limited and heavy Silent operation, Mercury 
duty contacts are required. : t Switch Contacts requiring no 
Operates on A.C. or D.C. both versions 3 servicing, Small size, Low 
being silent in operation, plug-in international . operating power. Competitive 
octal base pattern mounting. D.P. Change- , price. Operates on A.C. or 
over Contacts rated at 3 amps are fitted as . : D.C. Overall dimensions open 
standard, special impulse type contact or type 3.3/16" x 3” x 2.1/4". 
hermetically sealed versions are also available 


STOP PRESS Ex-Stock. Standard types 
of mercury relays and 
contactors with current ratings from 5 to 609A. Single, 

es double and triple pole available. 


WARWICK ROAD, BOREHAM WOOD, HERTS. 
Telephone: ELSTREE 2291/2/3/4 
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INDIUM 


The manufacture of semiconductor devices depends not only on scientific skill and 
ingenuity but also on a knowledge of the availability of the best raw materials. That is why 


so many manufacturers are specifying TADANAC INDIUM. 


TADANAC INDIUM is a product of The Consolidated Mining & Smelting Co. of 
Canada Ltd., one of the world’s leading INDIUM producers. It is available as 99.97% or 


99.999% guaranteed purity, in a variety of alloys and fabricated shapes. 


TADANAC INDIUM is supplied in the United Kingdom and Europe by 


HENRY GARDNER 


AND COMPANY LIMITED 


2 METAL EXCHANGE BUILDINGS - LEADENHALL AVENUE + LONDON : E.C.3 
Telephone: MANsion House 4521 


who are in a position to offer full technical service, backed by 
the Research Division of the producers. 


WW SOP AF 1040) a } A A j v,. ' 
Lg ps px Dx Dott Bk OK Bd BO Dd SE SO . + ye ‘ oe Slesletce 
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IF YOU ARE 
USING TRANSISTORS 


YOU 


NEED 


TRANSISTOR 


POWER SUPPLIES 


The new series of Solartron Transistor Power 
Supplies covess all voltage and current ranges 
necessary for transistor circuit development work. 
Types AS 757 and 758 are for bench mounting 
and AS 759 i: the first in a new family of 
compact sub-units. 





Bench mounting units have 3-dial decade switch- 
ing, with its inherent simple resetting facilities ; 
also automatic overload protection and load current 
metering. Continuous operation at temperatures 
up to 35 C (95 F) is assured even under maximum 
load conditions and with supply 7°,, above normal. 








Brief Specifications: 

AS.757: 1A @ 0-50V, in 0.1 volt steps; Weight 25 lb; Price £95 

AS.758: 10A @0-30V, ino.1 volt steps; Weight 55 lb; Price £195 

AS.759: 1A @1.5V-13.5V, continuously variable; Weight 7} Ib; 
Price £55 


THE SOLARTRON ELECTRONIC GROUP LTD - THAMES DITTON 


SEPTEMBER 1958 


* SURREY - 


129 


Output resistance: 0.01) 

Output Z to 100 Kce/s: 0.21) 
Ripple and noise: less than 1 mV peak to peak 
Stability factor: 200:1 (AS 


Mains input: 90/130— 200/240V, 40/60 c/s Permissible deviation + 7% 


758 1§0:1 


TELEPHONE : EMBERBROOK 5522 - CABLES : SOLARTRON, THAMES DITTON 
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‘ZENTH 
“ VARIACS” 


Where VARIable AC voltage is required the “VARIAC” 
offers a compact transformer at an attractive price. Over 
170 models are available including double wound types 
(Series “*80-A’ and ‘70—A’), all of which are listed in our 
catalogue available on request. 


All “VARIAC”-*DURATRAK Transformers have a_ brush 
track treated in accordance with British Patent No. 693406, which 
produces a coating of precious metal alloy on the brush track surface, 
eliminating the possibility of deterioration due to oxidation, and 
reducing contact resistance. “VARIACS” with DURATRAK 
have longer life, increased overload capacity and maximum economy 
in maintenance. 


The ZENITH ELECTRIC CO. Ltd. 


ZENITH WORKS, VILLIERS ROAD 
WILLESDEN GREEN, LONDON, N.W.2 


Telephone: WILiesden 6581-5 Telegrams: Voltaohm, Norphone, Londee 


*REGD. TRADE MARKS 





A test meter on every bench! 
An ideal situation, and one that 
is made economically possible 
by the modest cost of the new 
Series 100 Multi-Range Test 
Meter. 

With a wide range and an 
accuracy adequate for most 
routine checks it can be con- 
stantly “‘on the job” cutting out 
time so often wasted waiting 
until the test bench is free. 


21 SELF-CONTAINED RANGES 


Full technical details 
available in leaflet D.2 


AP Series 100 
SNES —s«M/LLTII-RANGE TEST METER 


MEASURING INSTRUMENTS (PULLIN) LIMITED 
ELECTRIN WORKS, WINCHESTER STREET, LONDON W.3 ACOrn 4651 
GD i7 
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10 - 1000 d.c. volts 100 Microamps a.c. 
10 - 1000 a.c. volts 0 - | Megohm 

100 Microamps to 0 - 10,000 ohms 
500 Milliamps d.c. 


All voltage measurements a.c. and 
d.c. are at 10,000 ohms per volt 


LIST PRICE £12 e 7 e 6 
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FRACTIONAL HORSE-POWER 
MOTORS 


From 1/2000 to 1 Horse-Power. Synchronous. 
Commutator. Asynchronous Induction. Utterly 
reliable. Built with the skill and experience distinguish- 
ing all Klaxon output. 














GEARED UNITS 
Over 50 Standard Types. Output torques from 


Zero to 2500 Ibs./ins. Other types and Performances 
— KLAXON 


WARNING SIGNALS 


For industry and transport. Buxton certified mine every Slime z 


signal equipment. Audible signals for factories, 
railway yards, power stations, transport, etc. Heavy 
duty Screen Wipers, and Direction Indicator Flasher 
Units. 

















KLAXON LTD. Established 1909 

Manufacturing Electrical Engineers. 

49 UPPER BROOK STREET, LONDON, W.1. 
Tel.: Mayfair 9020. 

WORKS: BIRMINGHAM—Tel.: Acocks Green 1654. 





















POLY: TETRA: FLUORO: ETHYLENE Jig 


TEFLON 















FOR 
ELECTRONIC - RADIO & 


TELECOMMUNICATION 
INDUSTRIES 


* FABRICATIONS 
* MOULDINGS 
* EXTRUSIONS 
* COATINGS 


For some years Henry and Thomas 

have been one of the leaders in 

designing and producing specialised 
components in P T FE 






















STANDARD PRODUCTION INCLUDES 
VALVEHOLDERS ° TUNING COILS 


INSULATORS * WASHERS «+ SEALS Ht 
« SWITCHES «+ CRYSTAL HOLDERS | 
¢ AERIAL MOUNTINGS ( Ai y 


and many items for specialised application YEO STREET - BOW COMMON - aagghnmcn . 
Telephone No.: EAST 4545 
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Z-J viacraPti 


A NEW INSTRUMENT em iia 
FOR ' for 30-300 Mc/s. 
Type ZDD 


plotting oe y-y for 300-2400 Mc/s. 
impedance : 
EXTENDED RANGE 


IN RADIO FREQUENCY CIRCUITS MODEL 
30-420 Mc/s. 


Eliminates lengthy and cumbersome calculations 
All measurements read direct from interchangeable charts 


A UNIQUE DEVICE $s specially between two voltages of unequal Angle of an unknown impedance. 
developed for rapid, accurate impedance amplitude at the same frequency. Usable without recalibration or 
and admittance measurements by Charts available for measurement of reconnection. 

Germany’s leading instrument-maker, Reflection Coefficient, Resistance, Write for details of this and other new 
the Z-g Diagraph indicates results by Reactance or Magnitude and Phase instruments. 
the light spot projected on to a Smith or 


characteristic’ is presented vinally'n ~=ZXWELEY ELECTRIC wo. 


a few minutes. 


There is direct indication of the AYRON ROAD, 

transmission characteristic of a four- 

terminal network or the phase angle AVELEY INDUSTRIAL ESTATE 
SOUTH OCKENDON, ESSEX 


U.K. Concessionaires for Rohde & Schwarz, Munich 
Telephone ; South Ockendon 2021. Telegrams: AERSALE, South Ockendon, Romford, Essex. 


“You can rely on us” 
for ELECTRONIC COMPONENTS FROM STOCK 














MORGANITE RESISTORS MIDGET TYPE 


_ ae HIGH STABILITY 1% 2% 5% 
a WIREWOUND SILICONE & VITREOUS 





Ring EALING 5737 ERIE RESISTORS 20% 10% 5% 





Large ranges of T.C.C. and 
HUNTS Capacitors. 


Bu 
POTENTIOMETERS — MORGANITE COLVERN “Gin 
DUBILIER - EGEN - COLVERN eS 
AND MINIATURE TYPES a’ 


ro) 
BELLING LEE % TRANSFORMERS — Extensive range ctr RP 


Mu, hy and special laboratory types made to 
LARD “N>. specification. 
CHASSIS, COILS, INSTRUMENTS SPIT STATOR and GANGED CAPACITORS ETC ETC 


% We specialise in supplying Development Laboratories, Manufacturers, 
Government Research Labs., etc. CAN WE HELP YOU? 


ILLUSTRATED CATALOGUE AVAILABLE 


RADIO SERVICING CO. 82 South Ealing Road, 


LONDON, W.5 
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transformers for 


BRIDGE 
RECTIFIER 
CIRCUITS* 


are included 

amongst the 7oo 

standard transformers and 
chokes listed, priced and 
fully described in the 

NEW 


loose leaf catalogue 


Every copy of the catalogue sent out is 
numbered and registered in the name 
of the holder to ensure it is regularly 
brought up to date by the supply of 
amendment sheets covering every 
addition to Gardners standard ranges. 


a with Westinghouse and S.T.C. rectifiers ; outputs 
ranging from 100v @ 60mA to 31v @ 11.2A 


Please write for catalogue to 


GARDNERS RADIO LTD. SOMERFORD, CHRISTCHURCH tel 1024/5 
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SIEMENS & HALSKE A.G. 


Berlin —— Munich 


FOR HIGH CLASS ELECTRONICS 










SELENIUM RECTIFIERS 






SILICON 







RECTIFIERS 





750V p.i. 




















MEDIUM POWER TRANSISTORS 


is} FERRITE POT CORES 
af | ial 


FULL PARTICULARS OF THESE AND OTHER COMPONENT PARTS AND EQUIPMENTS FROM:— 


ee R.H. COLE (OVERSEAS) LTD. na 


ABBEY 306! (10 lines) 2 Caxton Street, Westminster, London, S.W.|! 23864 


The Most Usefid Bench Drill nye aang Y 


Radial Drili Arm fitted 
to Bench Stand Type 
ESI4, 














(Patent applied for) 


The Wolf Radial Drill Arm is an accurately 
machined solid steel casting which 
fits between the base plate and 
pillar of a normal Wolf Bench 
Drill Stand. 











With the Radial Drill Arm in position an 
articulated motion is given to the Bench Stand 
pillar. This freedom of movement means that 
the entire base area is accessible for drilling. 
Holes can be drilled in any position without the 
work piece being moved:—for instance, simple 
jig boring. Furthermore, any position around 





Theres 0 Kodtal Dri Arm 
tor every WeelF 
Benth brill Sond 


























Model No. RA/O RA/I4 | RA/23 RA/3 | the central axis beyond the base area can simi- 
Stand No ESO | €SI4 | €S23 es3.| ~~ Iarly be reached. The pillar can also be locked 
oe Ne eR RT gE Oe ER ae in any desired position. This attachment will 
|_Net Weight | 5G Me. | =. . 103 anal Buu Ibs. | greatly increase the usefulness and earning 

Price | 52/6 59/6 79/6 95/- | power of any Wolf Drill and Stand. 





WOLF ELECTRIC TOOLS LTD - HANGER LANE - L 


ONDON: W.5 PERivale 5631-4 


MANCHESTER 





A ? roughout the W 
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STRATTON & €O: LTD. 


SEE 


BIRMINGHAM, 31 
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Fans for all 


electronic duties 


The 1900-valve analogue computor made by Elliott 
Bros. (London) Ltd. for the Long Range Weapons 
Establishment, Australia, is fully air conditioned. 
Four 19in. two-stage Woods Aerofoil fans (above). In 
contrast, aircraft electronic equipment is being fitted 
with Woods 2.4 in. 400 c.p.s. fan. 

May we send you Woods Small Fan Catalogue V3695? 


Arial fans, 43", 6", 2.4" : 
74”, 84° and larger. 400 c.p.s. fan. 


Two stage arial fans | Centrifugal fans, 
a, 4,7. 


wooDs 
of COLCHESTER Ltd. 


BRAISWICK WORKS, COLCHESTER 


Telephone Colchester 5111 
Fan manufacturers since 1909 
AN ASSOCIATE COMPANY OF THE GENERAL ELECTRIC Co. Ltd., OF ENGLAND 
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In production 
and available now 


MULLARD DECADE 
STEPPING TUBES 


Two widely used types of cold cathode 
stepping tube are now being manufactured 
by Mullard under the numbers Z303C and 
Z502S. 

The Z303C counting tube, which is equi- 
valent to the CV2271, has cathodes 1 to 9 
brought out together and cathode 0 con- 
nected to a separate pin on the international 
octal base. The tube can count ina clockwise 
or counter-clockwise direction at a maximum 
speed of approximately 4 kc/s. Applications 
include nucleonic scalers, industrial 
counting, frequency division and timers. 
The Z502S selector tube, which is equivalent 
to the CV2325, has the ten main cathodes 
brought out to separate pins on the B12E 
12-pin base. This tube is suitable for in- 
dustrial batching, welding control, elec- 
tronic tachometry, telemetry and com- 
puting. In both tubes the glow is clearly 
visible through the dome of the bulb, and its 
position may be identified by means of an 
additional numbered escutcheon. 

Data on the Z303C and Z502S and a compre- 
hensive Report describing recommended 
circuits which offer a high degree of opera- 
tional reliability are available free upon 
request. 





BRitisH MAD 








| 


GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 





MULLARD LIMITED - MULLARD HOUSE - TORRINGTON PLACE - LONDON W.C.1 [URASzciNceDmNEnG MeCN UNEENGRR ORME TELEPHONE: LANGHAM 6633 
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NEW (ip) CALORIMETRIC WATTMETER 
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meTeR 


TRIc POWER 
CALORIME hen 


external barretter or plumbing required 
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SPECIFICATIONS 
-hp- 434A Calorimetric Power Meter 


7 ranges; full scale readings of 0.01, 0.03, 
0.1, 0.3, 1.0, 3.0 and 10 watts. Meter cali- 
brated —10 to 0 DBW, continuous readings 
—30 to + 10 DBW 

de to 10 KMC 

50 ohms + 5 ohms at Type N input jack 


Input Power Range: 


Frequency Range: 
dc Input Impedance: 
Input SWR: 

Meter Response: (Full Scale) Approximately 10 seconds on highest 
range, approximately 2 seconds on lower 
ranges 

Zero set and Meter Range 

Within 5% full scale 


Less than 1.5 full range 


Controls: 
Accuracy: 


Power: 115/230 v. = 10%, 50/60 cps, approxi- 


mately 155 watts 
Size: Cabinet: 204," wide, 124,” high, 143/,” 
deep. Rack: 19” wide, 10,” high, 134,” 
deep. Wt. 50 Ibs. 
Price: waa) 
£451 (rack mount) 


Delivered in U.K. plus duty if applicable. Data subject to change without notice 





Here is one compact, self-contained instrument giving you 
the fastest, easiest means ever devised for measuring powers 
10 mw to 10 watts between dc and 10 KMC! 

With the new -hp- 434A measurement is literally as sim- 
ple as connecting to a 50 ohm Type N front panel terminal 
and reading power direct. No complex setups, no barretter, 
thermistor, terminations or external plumbing are needed. 
The instrument is thus ideal for use by non-technical per- 
sonnel. 

10 second response, high stability 
-hp- 434A provides a 10 second response time, permitting 
even small input changes to be tracked promptly. Fluctua- 
tions from oil flow rate or temperature changes are avoided 
by twin power sensitive elements in either leg of the self- 
balancing bridge which is the power comparison section of 
the instrument. 
HEWLETT-PACKARD COMPANY 
Represented by: 
LIVINGSTON LABORATORIES 


RETCAR STREET ° LONDON, N. 19, ENGLAND 
Tel: Archway 6251 


also offers 430C Power Meter, 0.1 to 10 mw! 
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You can’t test MAGNETIC PROPERTIES like this! 


. but there's absolutely no 

doubt about the qualities and 
suitabilities of SUPER HIPERM 
by Low Moor Alloy Steelworks 
Limited. Super Hiperm is 





triple refined to give magnetic 
properties of outstanding 
performance, possesses ideal 
remenance and coercive force, is 
superior in high permeability 
for all magnetic and electrical 
purposes and is available as Ingots, 
Billets, Slabs, Plates, Regular 
Bars, and special forms 

Details of Application and 
Magnetisation on request 


for SUPER HIPERM and 
Re)’ ad oO Oo eg ALLOY & SPECIAL STEELS 
Low Moor, Bradford, England. 


ALLOY STEELWORKS LIMITED Tel. Bradford 77331 (9 lines) 


For EXTRUSIONS: Low Moor Fine Steels Ltd. 


LMAS/PPPS/HP! 
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%* No delay in getting your ideas put into practice. 
* oa need to interrupt your smooth flow of quantity production to produce Experimental 
assis. 
% Lektrokit Experimental Chassis can be modified quickly and simply. 
% A wide range of accessories permit the construction of bench or rack mounted units for 
permanent use. 
% Units can be fitted together almost indefinitely in a variety of ways. 


ALL-POWER TRANSFORMERS LTD. 


CHERTSEY ROAD, BYFLEET, SURREY TELEPHONE: BYFLEET 4411 
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INSTANTANEOUS READOUT 


with the wide-angle side-viewing 


DIGITRON 


The new Ericsson register tube which gives direct 


numerical display for all digital applications. 


The Digitron consists of 10 cathode assemblies arranged 
to display the numbers 0 to 9 according to the cathode 
energised. 

Number delineation takes full advantage of the essen- 
tially rectangular vertical cross-section of the glass en- 
velope and is based ona display area of 30 mm x 17 mm. 
This represents a considerable increase in both character 
size and visibility range over end viewing presentation. 
Further, by adopting such a method of display, an 


unrestricted view of the numbers is obtained over 
viewing angles of 60° either side of tube normal without 
any distortion. 

Displayed data can therefore be quickly assimilated 
without ambiguity by either individuals or groups at 
distances up to 50 feet over a viewing arc of 120°. 

Developments in hand indicate that other symbols 
and characters can be supplied in ‘‘DIGITRON"’ form 
for special applications. 


If you would like more information about the DIGITRON TYPE 
GRIOG or have any problems concerning digita! display please 


write to: 


THE TECHNICAL SERVICES DEPT., 


TUBE DIVISION, BEESTON, NOTTINGHAM. 
ERICSSON TELEPHONES LIMITED, HEAD OFFICE: 22 LINCOLN’S INN FIELDS, LONDON W.C.2. Tel HOLborn 6936. 


Pi 
exif 


® DIGITRON IS AN ERICSSON TRADE MARK 
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WHAT A SAVING 
on Short and Medium Run 
Piercing Jobs! 


BRITISH 


WIEDEMANN Tooling 


Rounds, squares, ovals, clusters and shapes—you use the 
same tools for every piercing job with similar openings. 
Every tool is ready for instant use: 

no setting—always in accurate alignment. 

The Wiedemann method saves time and expense in other 
ways, too—reducing handling and eliminating 

marking out and hand finishing. So why delay longer? 
Find out more about this economical method today. 


There's a 

WIEDEMANN Turret Punch Press 
for every short and medium run 
piercing job. 


Hand or power —!5,000 to 160,000 Ib. 
punching pressure. 


Send for new ? 2 DOWDING & DOLL LTD 


illustrated 
brochure 346 KENSINGTON HIGH STREET, LONDON, W. 14 
ro d ? Telephone WESTERN 6077 (8 lines) Telegroms ACCURATOOL HAMMER LONDON 


135 
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tosatisfy the most discriminating... 


The Celestion “Colaudio” Loudspeaker with a substantially level response 
from 30-15,000 c.p.s., embodies two distinct techniques in order to provide a 


iM ATIO N A L RA D E 0 SH 0 W satisfactory answer to the ever widening demand for truer reproduction. 


Utilising a 15-inch direct radiator loudspeaker, specially designed to 
produce the lower frequencies, particular features of this bass unit are the 
Hear our COLAUDIO Monaural and 3-inch Voice Coil and dustproof suspension of the anular type, permitting 
. ° P free cone excursion whilst reducing lateral movement to a minimum. 
Stereophonic Demonstration in 
The high frequency reproducer incorporates two direct radiator pressure 
Room No. 410. type units, mounted in column form within the cone of the bass radiator. 
This arrangement enables the higher frequencies to be dispersed over a wide 

See the COLAUDIO on STAND No. 30. area in the horizontal plane with a narrow vertical lobe, minimising unwanted 
reflections and improving efficiency. 
The vertical position of this column can be adjusted to suit the position 
in which the loudspeaker is mounted in the cabinet. 


The main housing is cast, finished in black crackle with silver trim. 
4 


olaudio 


Full technical details available direct from:— 





Rola Celestion Led. THAMES DITTON, SURREY, ENGLAND. = Emberbrook 3402/6 
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Servo Units Ltd. 


announce their New Range of 


ALL TRANSISTORISED 


SERVOS 


a. Stalled Torque up to § lb-ft. 
b. No Vibrating Relay 





Type 1.TR. 


5.0 lb.-ft. 
50°/sec. 


Type 0.TR. 


1.0 lb.-ft. 
35°/sec. 





Stalled Torque 

Maximum Speed, no 
load 

Repeatability 

Deflection 

Deflection for fullload, 
90% Stalled Torque 

Input 


+0°3% Full Scale | +0.3% Full Scale 
56° 56° 
2°5% Full Scale 2°5% Full Scale 








+6 volts +12 volts 











Note: Both types are available with higher speeds and lower torques. 


Write for leaflet G7/107 from: 
SERVO 


Farnborough Road, Farnborough, Hants. 


TYPE 1.TR. 


Units are available either fully transistorised or with valve 
voltage amplifier and transistor motor control. Valve voltage 
amplifier versions give greater stability against variations of 

ambient temperature. 


Servo units made to customers special requirements (up to 
25 lb-ft. torque and with continuous circular movement). 


UNITS LIMITED 


*Phone Farnborough 1120 








pulse and time-base 


GENERATORS 








By D. A. Levell, M.Sc., A.M.1.E.E. Here is a new 
book that gives a thorough, yet concise, survey of the 
theory and design of circuits that have been used to 
generate pulse and time-base waveforms. And the 
fact that these circuits are used extensively in radar, 
television, and electronic instrumentation makes the 
book an essential reference work for all electronic 
equipment designers and students of electronic 
engineering. An exclusive feature is the extensive 


bibliography at the end of each chapter. 25/- net. 


PITMAN TECHNICAL BOOKS 


Parker St., Kingsway, London, W.C.2. 
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QO 
ory 
qr & 

NEWCASTLE UPON — & GLASGOW 

WE CAN ADVISE UPON, SUPPLY, 

\ 


INSTALL AND SERVICE THE 


IN YOUR 
\ 


Ww 


BASED UPON 


ELECTRONIC EQUIPMENT 
FACTORIES OR YOUR SHIPS 


MURRAY SWAN SON 


& COMPANY LIMITED 
HERIOT HOUSE, SUMMERHILL TERRACE, 
NEWCASTLE UPON TYNE 


Also ot 779 ARGYLE STREET, GLASGOW, C.3 MARINE 
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A new Wide Range 
DELAYED 
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DOUBLE PULSE 
GENERATOR 


Accurate Time and 
Voltage Calibration providing for 


TYPE 5002 


consecutive pulses spaced by the delay control. 










either single pulses or two 









OPTIMUM 


RISE-TIME SQUARE WAVE INTERNAL EXTERNAL DELAY FROM SINGLE MAIN 
OUTPUT MULTIVIBRATOR TRIGGER PRE-PULSE CYCLE PULSE 


































10 muyusecs inde- | 0-25c/s to 2-5Mc/s of new type gives from signals of any to main pulse—jitter of a single pulse or a amplitude 20 mV to 
pendent of pulse 10 million to | range highly stable fre- waveform and pol- free and continu- pair of pulses at the 50 V—of either 
width of pulse rate, width quencies continu- | arity at amplitudes ously variable from width and delay polarity and within 
and delay calibrated ously variable from down to 02V and O2ysec to 2 secs. setting—by push 2% accuracy in 10 
by direct reading 0-Ic/s to 1Mc/s frequencies up to Pre-pulse output 20 button or external steps 
dials within 5% 2:5Mc/s volts positive or contacts 
negative —0O-2 usec 
wide 
































This instrument was designed to meet the need for a generator of 
fast-rising pulses and square waves, while at the same time providing 
a wide range of amplitude, repetition rate, width and delay with 
direct-reading calibrations, together with full flexibility as to 
polarities of main pulses, pre-pulse and trigger pulse and the 
ability to trigger from any form of external signal. These features 
have not hitherto been made available in such an instrument. The 
very fast rise time, in conjunction with the above features, enable 
most searching investigations to be made. This rise time necessi- 
tates the use of a special high-frequency connecting cable since the 
output contains important frequency components of several 
hundred megacycles. This cable is supplied with the instrument, 
together with suitable terminating arrangements. 


The instrument has two output circuits. The main output consists 
of either a single or double pulse, as desired, of either polarity and 
of controllable amplitude calibrated to +2°%. The rise time is 
independent of width throughout the ten million to one range 
available. 

At the other output terminal a pre-pulse of either polarity is 
produced. When switched to single-pulse operation this pre-pulse 
precedes the main pulse output by a calibrated time interval 
controllable also over a range of ten million to one. When switched 
to double-pulse operation the pre-pulse is concident with the first 
main pulse at their leading edges. The second main pulse is 
delayed as desired. 

These pulses are initiated by an extremely flexible trigger circuit. 
This may be accomplished either by the internal generator or by 
an external signal source, aid, in addition, a single pulse or pair 
of pulses by a push-button on the panel or a remote contact. 

A built-in oscillator is provided for internal triggering. This 
consists of a new type of multivibrator in which the usual causes of 


Telephone : 





ask for leaflet No. 4581 


NACAR 18 AVENUE ROAD - BELMONT - SURREY 









frequency instability have been eliminated. This oscillator is 
continuously variable and directly calibrated from 0-1c/s to 1Mc/s 
in seven decade ranges. These ranges are effectively doubled when 
set for double pulses. 

Provision is made for triggering by external signals of any type. 
The instrument will trigger from either the positive or the negative 
going portion of the signal as desired, and the triggering level is 
adjustable. The input signal may have any rise time. With the 
sine-wave inputs the circuit will trigger from signals of less than 
0-1V and operates at frequencies up to 2-5Mc/s. Single pulses or 
pairs of pulses for transient testing may be obtained by use of a 
push-button on the panel or from remote contacts connected to a 
pair of terminals. In all these conditions the delaying circuit is in 
operation giving a calibrated time-delay between pre-pulse and 
main single-pulse outputs or between consecutive pulses when 
doubling switch is in use. 

There are no duty-cycle limitations; consequently, the pulse width 
and/or repetition rate can be set so as to give a square wave output 
when required. Square waves of any frequency from 0-25c/s to 
2:5Mc/s can be obtained in this way. The main output circuit is 
d.c. coupled, so that there is no sag with long pulses. This also 
permits the user to make even more accurate measurements of 
output amplitude when the calibration provided is insufficient. 
The output signal is of sufficient power to operate electro-mechani- 
cal devices such as relays, counters, etc. The three high-tension 
supplies are each electronically stabilised and separately fused, the 
latest type of metal rectifiers being employed in the interests of 
long life. The instrument is suitable for use with alternating current 
supplies at 190-250V r.m.s. Forced-draught ventilation is 
employed to ensure stability and reliability, and the latest types of 
valves are used throughout, facilitating replacement should the 
need arise. 

































ViGilant 9161-2 
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—for Industrial Research 


A simultaneous dual-channel 
Tape Recorder 


Series 3C/FN 


: = Ferrograph Series 3C/FN, illustrated here, is a 
simultaneous dual-channel instrument, using staggered 
heads, which offers special facilities to those engaged in * 
medical, aeronautical and other scientific research. Besides 7 
the normal ability to record simultaneously time pulses on 7 
one track and intelligence on the other, it becomes 
immediately obvious that many forms of comparative 
measurement, stereophonic sound, or indeed, any two 
activities capable of being translated into electrical 
phenomena (within its frequency and phase shift limita- 
tions) can be recorded simultaneously and replayed when 
required. Thus, the scope of such an instrument, when 
used for Research purposes, is almost unlimited. 

Full details and specification of this and other CFFO Ka fs 
Ferrograph Tape Recorders will be sent on request. 


BRITISH FERROGRAPH RECORDER CO. LTD., 131 Sloane Street, London, SWI. Tel: SLOane 2214/5 & I510 
A Subsidiary of The Ferrograph Co Ltd. 





MYRIA—the new electronic insulation 

tester measures from 50,000 ohms to 

200,000 megohms. It has test voltages of 

100 and 500 V. It is only necessary to 

connect the sample to the terminals, 

select the appropriate range and read the 
resistance on the meter. The Myria is 
self-contained and requires no batteries or 
generators for its operation. It is being widely 
used for the routine testing of power cables. 


- 


Ueveloped and marketed exclusively by: 


ELECTRONIC INSTRUMENTS LTD. + RICHMOND + SURREY RIChmond 5656 


£19 
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ANOTHER NEW/ NASHTON / INSTRUMENT 


DC Valve Voltmeter 
—Micro Ammeter 


SEVEN DC VOLTAGE RANGES UP TO 1000V FULL SCALE 





SEVEN DC CURRENT RANGES DOWN TO 0.1 MICRO AMPS FULL SCALE 


% Accuracy better than 3°, on eleven ranges. 


%* High input impedance. 





%* “Balanced to earth” measurements 


possible. 


% High stability against mains fluctuations. 





* Top quality moving coil meter to 
B.S. 89 : 54. 


ours 


ve 
2 te x10” AMP 


+ 


Ga 


% Fully guaranteed for one year from date of 


purchase. 





This new addition to the NASHTON range 
of miniaturised electronic test gear is eminently 
suitable for Reverse Current measurement of 
Germanium and Silicon diodes: Leakage 
current measurement of capacitors: Splash 
current measurement of thermionic diodes and 


high resistance measurement up to 10,000 





Megohms using an external voltage supply. 





Moiousied theron Ten Gear write o NASH and Thompson zo. 


OAKCROFT ROAD - CHESSINGTON - SURREY - ELMBRIDGE 5252 


WHG/NT63 
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New design of Rotary Piston 
Pumps giving lower ultimates 
and higher pumping speeds with 
Quieter Operation and Mini- 
mum Vibration. 2.4.8.12 cu./ft. 


EQUIPMENT 


New range of fractionating Oil 
Diffusion Pumps incorporating 
an advanced design of stack 
giving improved performance 
with back streaming reduced to 


minimum. 
Complete Vacuum Plants for all 


purposes. 


min. displacement in single stage 
type, and 2.4.6 cu. ft./min. in two 


%& WRITE FOR FURTHER DETAILS TO :— stage type. 


THE NEW SUBSIDIARY OF 


a GENERAL ENGINEERING CO. (Radcliffe) LTD. 


GENEVAC LTD., PIONEER MILL, RADCLIFFE, LANCS. 


METEOR com winpbers 


(SWISS) ~ 


For winding fine wire down to No. 52 
gauge—Arranged for single or multiple 
winding. No gears to cause backlash. 
The traverse is controlled by a mag- 
netic tape. Extremely fine reversal 
settings by micro 

limit switches. Quickly 

set up and changed 

over. Automatic 

brake stops 

machine 

should wire 

break. 


Tel.: Radcliffe 3041-2 











Complete 

suppression circuits for 

DOMESTIC APPLIANCE MANUFACTURERS. 
Single units—no cross connections. Any shape 


to suit appliances—wire ends or terminals. 


ACBARS LTD. 


5S7A HOLBORN VIADUCT, LONDON, E.C.i 
Telephone: CENtrel 2287/8/9 - 68/1 /2/3 
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’ TINNING & METAL 
POTS & TANKS 


A WIDE SELECTION OF 
AUTO-CONTROLLED UNITS— 
ROUND, SQUARE, SHALLOW 
OR DEEP—TO MEET EVERY 
REQUIREMENT 
INCLUDING SPECIAL 
TYPES FOR PRINTED 
CIRCUITS 







































Write for 
further 
details 
quoting 
reference 
3 RQ. 











WORKS: LONDON & BLETCHLEY 


sliihinmenates 


2, DORSET SQ., LONDON, N.W.!. TEL: AMBASSADOR 5485. 




















BMJ 















No, we shall not be silly and claim that our castings are as flawless as a piece of 







16th century Venetian Glass. But we can go this far: we can say that just as the 


old master craftsmen got great satisfaction out of doing a job as well as it could 







possibly be done, so do we. That is why so many customers whose castings 


must have a fine skin which will readily anodise put their trust in Great Bridge Foundries 







PRECISION CASTINGS IN ALUMINIUM, GUN METAL, GREY IRON, ETC. TO ALL SPECIFICATIONS 


Phos. bronze and gun metal solid and cored sticks always in stock 







THE GREAT BRIDGE 
FOUNDRY CO. LTD. 


Sheepwash Lane Great Bridge Tipton 
Staffordshire \Telephone: TiPton 1540 and 136! 


A Member of the Triplex Foundries Group 
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There’s a time and place to discuss even GGL 
service and quality, but when a man discovers it 
for the first time he tends to let his enthusiasm 
run away with him . Older customers simply 
accept it as one of the good things in life, and 


wonder how they ever managed without GGL. 


CAPSTAN AND AUTOMATIC 
WORK AND SHEET METAL 
PRESSINGS IN ANY METAL 
ANY FINISH, ANY QUANTITY 


FOR QUICK SERVICE AT THE RIGHT 
PRICE GET IN TOUCH WITH: 


“oi % SRP pigs Oa 8 
te Cas Ce BY 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 


EMPIRE WORKS ° PARK ROAD ° BIRMINGHAM I8. 
Tel: NORthern 6221. 








more and more users 


oN 
specifying < [ODEND TRANSFORMERS 


_s, TRANSFORMER CO. LTD 


Below : Cast Resin 
Transformers. Give 





and “climatic protection 
for core and windings. 
Good heat dissipation 


Above: Potted Com- Above: Shrouded and 


Open-Type  Transfor- 
pound Filled Trans- / 

formers. A wide range mers. Combine first. 
of capacities for trans- class engineering with a 
formers and chokes. popular highly compe- 


ia bili i . Vacuum 
Cc e reliability. titive product cu 
— for exacting impregnated and rigidly 


industrial and climatic tested 


conditions Catalogues available on request 


> a 


“ 
| Ue. Prone BILSTON a1959 
—... SM/W 2913 
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—will save you many 
a headache ! 


Do look into the “BAGS’ by STUDYING OUR CATALOGUE 


S Radiospares Ltd. 


4-8 MAPLE STREET - LONDON W.! - ENGLAND 
Telephone : EUSton 7232-7 


TELEGRAMS: RADOSPERES, WESDO, LONDON. CABLES : RADOSPERES, LONDON 
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‘To a chap like me— 
and I'm proud of my work— my pencll's 
my living. 
The pencils | use have to stand up to fast 
hard work, their grading’s got to 
be absolutely spot on — not almost 
or nearly but bang on the dot every 
time. 
The leads must hold their points 
and flow smoothly throughout a long line — 
no crumbling or ‘clinkers' mark you! — 
and if | erase a line it must go cleanly — 
there's no ‘furrow’ left In my paper 
so you won't find ghost lines in prints 
made off my drawings. As a matter of ~ 
fact you can tell from a print when it is 
my drawing —the print's always first class." 


**What pencils do | use?" 


“Venus drawing pencils of course, the ones 
with the crackle finish !— how else 
do you think | keep up my high standard?" 


DRAWING 
PENCILS 


* VENUS Drawing Pencils are made in 17 accurate 
grades from 9H to 6B. 


THE VENUS PENCIL CO., LTD., LOWER CLAPTON ROAD, LONDON ES. 
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Jackson Brothers Butterfly Vane 
Trimmer, type C711/719, with 
capacity of up to 65 P.F. with 
0.015 in. air gap (each half) and 
up to 15 P.F. with 0.045 in. air 
gap (each half). 


RANGE OF 


TRIMMERS 


It’s reliable... 
if it is made by 


VNUUIN) A 


C711/719 


C701/709 


Jackson Brothers Trimmer, 
type C701/709. Differential 
Condensers with capacities of 
up to 150 P.F. with 0.015 in. air 
gap (each half) and up to 30 
P.F. with 0.045 in. air gap 


Mb ) 
| 
KINGSWAY-WADDON - SURREY Telephone Croydon 2754/5 





The 
EST TIME 
& MONEY SAVER 
in 
WORK CLAMPING 
is the 


Newron 
Hydraulic 


CLAMP 


SYSTEM 
POWER JACKS 


No matter the type or shape of the 
workpiece the Newton Hydraulic 
Clamp System provides the quickest, 
simplest and safest method of work- 
holding while reducing production 
time and costs. Plungers can be used 
in groups of any number with 
simultaneous pressure of from 

800 Ib. to 4 tons. Maximum pressure 
with smallest plungers. Easily 
adaptable to any fixture design. 


caver 
rom 


¢ 
a 
. fy 


any TYPE OF Sware 
OF wonariect- 
STEEL -AtL0T- 
wooo-tt¢ 





LIMITED 


Maylands Ave - Hemel Hempstead 
Telephone: Boxmoor 3800 


Prumcens PLemcens | 


Write for fully illustrated technical 


booklet No. 243/P2 Grams: ‘Newsorber Heme! Hempstead’ 
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‘*George... 
put in Pullin!» 


Pullin’s have certainly got 
something in servocomponents. 
Not surprisingly — there’s years 

of experience and knowhow 

in precision engineering there. 
And now with their Kearfott tie-up 


you really get a high-performance, 





precision job when you have a 
Pullin-Kearfott synchro . . 

servomotor . . tacho . . motor generator. . 
resolver . . 

Get their catalogue, George. 

It’s all in there — including 

their range of high-performance 


instrument motors. 


a Fnttioe / 


SYNCHROS & SERVOCOMPONENTS 


einen 


Let us send you a catalogue as well. Just drop us a line 
or phone and your catalogue will be sent off at once. 





R. Be. PULLIN & COMPANY LTD. 











PHOENIX WORKS - GREAT WEST ROAD - MIDDLESEX - ENGLAND - Phone: EALING 0011-3 & 3661-5 
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Your Power Problem CAN be Solved! 


with the HT125 Resin Sealed Silver-Zine Accumulator 


This new Type HT 125 Cell and 

Battery has been produced to meet the 
needs for small, light rechargeable batteries 
of any desired voltage, and capable of 
supplying power in a limitless range 

of applications. 

The design is based upon the production of 
strips of 1 to 10 cells which can be 
arranged in any desired form. The 

result is a battery which is hermetically 
sealed, requires no topping-up or 
maintenance, and will fit into any odd 
space which so often is all that is 

available for power supply. 

Write for full technical details and 
brochure E.E. 


The HT125 cell has a nominal capacity of D.125 ampere hours, 
and is suitable for discharge from 10 to 500 milliamps. A single 
cell weighs 4 oz., measures 14" Xt" X #&”. 
ACCUMULATORS LIMITED 


KINGSTON BY-PASS, NEW MALDEN, SURREY ~- Tel: MALden 2442 


A member of the Venner Group of Companies 








RELAYS P.O. TYPE 3000 


BUILT TO YOUR 
SPECIFICATION 


QUICK DELIVERY Specialists in Subminiature Telecommunication 


KEEN PRICES Components 
CONTACTS UP TO 
8 CHANGE OVER 


HIGH GRADE INSTRUMENTS FOR RESEARCH LABS, AIR 
SCHOOLS, etc. 


WHEATSTONE BRIDGE, by H. W. Sullivan Ltd., Cat. No. WY0242, DIELECTRIC 
5 decades, with rotary switch ratio arm adjustments. Complete with 
Galvo and spare suspension, Lamp stand and Scale, Contact and Testing TRIMMER 
Keys, Resistance for Galvo. Complete in 3 fitted cases . £125 

TEST SET Reading Absolute Volts and Amps. D.C., by Elliott Bros., First 70pF 
Grade, B.S.89. 5 in. Mirror scale with 150 divisions 6 ranges of Volts, 

0/.075 to 0/750. 4 ranges of Amps. 0/1.5 to 0/600. Brand new, complete 
with all shunts and leads... we is sgt jam -- GS 
AMMETERS 0/3 ae Coil D.C., 6 in. Flush Round with a fine open 

scale with divisions of 50 MA, B.S.S. 89 te ae «-- _90/- 

VOLTMETERS, 0/300 Moving tron, A.C., 6 in. Flush Round ... 110/- : ; 

AMMETERS, 0/50 or 0/100 Moving iron, A.C., 6 ir. Flush Round 90/- illustration (approx.) actual size 

VOLTMETERS, 0/300, Moving Iron, A.C., 24 in. Flush Round ...  25/- 

AMMETERS, 0/3, Moving Iron, A.C., 3 in. Scale, Portable Type 45/- 


Stock list of meters available. 12 Vane type, 500 V. Insulation 10,000 megs. 


SOLENOIDS. 12 VOLT. D.c. Width 165mm. Power Factor less than 001. 


Very Powerful. Low Current Consumption. 3} in. Arm with } in ° 
Povnmees, Very suitable for Remote Control. Mechanical Indicators’ Length 22mm. Temp. Coeff.: 50 pares per 


etc., 5/- each. As used in Type Head U hich I ilable. ATT 
u in Typ ea nits which are also available Height 19mm. million per. °C. 


CO-AXIAL PLUGS & SOCKETS F & E Type JS.1.PF Chassis Socket 
2/-, JP.1. Plugs 2/-, Double Ended Sockets JS. 1.BHF 4/- ea. 





VACUUM PUMP 
Rotary Vane Type. 7 cu. ft. per min. 
10 Ibs. per sq. in. at 1200 R.P.M. Brand 
New 35/- each Post 3/- 
z 


L. WILKINSON (CROYDON) LTD. DEVELOPMENTS CO. LTD. 
19, LANSDOWNE ROAD, CROYDON ULVERSTON NORTH LANCS  Ze/*Ulverston3306 
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when heat is the problem 


Mazda 5, 10, 15 and 20 kW 
te Studio Spotlights embody 
UMN a SINTOX Ceramic insulation 

; bridges. SINTOX retains its high 
resistivity unaltered by the 

‘Freon Studio Spotlight. intense heat generated within 
the lamps. SINTOX helps 
maintain the exacting standards 


demanded by the film industry. 


... the unfailing answer is 


Sintox Technical Advisory Service 


This service is freely available without obligation to those requiring 
technical advice on the application of Sintox Industrial Ceramics. Please 
write for booklet or any information required enclosing blue print if 
available. 


INDUSTRIAL CERAMIC 


SINTOX IS MANUFACTURED BY LODGE PLUGS LTD., RUGBY @ 





ELECTRIC WAVE FILTERS 


LC and RC filters based on modern theory, techniques and components 
Frequency range: D.C. to 10 Mc/s. 
Advanced design methods lead to high performance and compact units 


Low or high pass, band pass, or band stop filters can be designed 
to individual performance specification 


SIZE 44” x 34” ° Amplifiers can be combined with the unit if required 


a HIGH PASS FILTERS 
FUNDAMENTAL re oa The curve illustrates the performance of a filter for 
suppressing 50 c/s hum. The filter is an “‘active RC”’ type, 
and provides a light-weight, compact unit. A small flat loss, 
and great flexibility of source and load resistances are other 
desirable features of such units. 


j i) ee | PAMPHLET No. 1232a ON REQUEST 
FLAT TO |100 Kas 











5 7 Beer , 23 5° 
FREQUENCY cis 


BARR & STROUD LTD. coer ance Ts victoria sereee! swt 
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MUREX manufacture 


the ‘“SINCOMAX’ MAGNETS 


used in DORAN GALVANOMETERS 


In this new galvanometer Murex ‘Sincomax’ Magnets 
are used to meet the need for low leakage, high- 
Spe tarwnand and magnetic stability. 
ae Write for Standard Magnets 
Booklet. Technical repre- 
} \ sentatives always available 


f 


} for consultation and advice. 


Photograph of Galvanometer 
by courtesy of 
Doran Instrument Co. Ltd. 





MUREX LIMITED (Powder Metallurgy Division) 
RAINHAM - ESSEX ~* ‘Phone: Rainham, Essex 3322 


Telex: 28632 Telegrams :{Murex, Rainham-Dogenham Telex 


London Office: CENTRAL HOUSE, UPPERJFWOBURN PLACE, W.C.! EUSton 8265 





BERYLLIUM COPPER the choice 


CRINKLE WASHERS : of the 

! discriminating 
design 
engineer 


30 years of design and 
manufacturing experience are 
behind the high standards of 
reliability and presentation 
which make Sifam Instru- 
ments the natural choice of 
the discriminating user. 








4 Scale length 
1.9 ins. 
Type 20 
Scale length 
Type 35 1.6 ins. 


Scale length 

2.75 ins. Type 40 
Scale length 
3.4 ins. 


¥ / 








The Instruments shown here are only a small selection from 
a range as renowned for its extent and flexibility as for its 
reliability and accuracy. The Sifam Technical Representative 
will be glad to call and discuss your instrumentation needs 


Heat treated and plated, giving corrosion resistance with high degree of Write now for comprehensive data 
recovery in relation to load, and resistance to “‘set’’. Spring locking S % Sheets covering your requirements. 
action suitable for electronic and instrument components. Size range }” y : 
to 8 B.A. Prices and samples sent on request. Ne \ 
Contractors to the Admiralty, Ministry of Supply and other Government Depts. | MWELECTRICAL INSTRUMENT 


DAWID eye) ALY & SONS Ph ge) CO. LTD. Leigh Court, Higher Lincombe 


Road, Torquay, Devon. Torquay 4547/8 
FORWARD WORKS SPARKBROOK — BIRMINGHAM Il » PHONE VIC 1264-8 
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A SERVICE 
FOR DESIGNERS 





The possibility of a component change—due to shortage of 
supplies, increased costs or failure to meet specific conditions 
—is a problem facing every designer of electronic equipment. 
However, one basic component can be ‘tailor-made’ from the 


start, for LAB will supply the precise type of Resistor required, 





ex stock and at the right price. Write for full technical data, 


prototype samples and price schedules to :— 


THE RADIO RESISTOR CO. LTD., 
50, ABBEY GARDENS, LONDON, N.W.8 


Telephone: Maida Vale 0888 


aces lames 


—_ ] | 
WATTS | —— 


} 


|} gta2 | 5% & 10% 
. Cracked | 1/30—20 | 5% & 10% 
. *High Stability 1/10—3 | 0.5% 1% 2% S% | 
. Variable t _— 
. V.High Resistance 4-3 5% & 10% 


| 





. V.H.F. (Rods & Discs) | 1/10—I 
si waned anahiguenen 


"  WIREWOUND | | 


4. Rheostats 

9. Sliders 

8. Vitreous 1% 2% 5% 
7. Cemented 1—I5 5% & 10% 

~ ®The ubiquitous blue (1°) grey (2%) “ HISTABS” | 

Do you KNOW 


THAT the subminiature '/3oth watt unit (2) is probably the 
smallest production Resistor made. 


THAT almost non-inductive Resistors in cracked carbon are 
available up to 20 watts rating. 
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These precision hand welding tongs have been designed to 

: ‘overcome the problem of difficult placed welds. They have a built- 

in micro-switch and adjustable electrode pressure and initiation is by low 

“a a +9 voltage making the tongs safe from shock. For existing equipment with- 

Avaliable ta two clues “e out low voltage switching a small adaptor unit is available. 


WT A for max. welding , The power unit illustrated is housed in a robust steel case and con- 


___ wire dia. .125 combined sists of a power transformer, electro-mechanical timer and current control 
WTB for max. welding 


hedin iat aemitesd resistance. Voltage 200/240 A.C. Illustrated leaflet available on ane 
Se Fee ee Ae a ea a a 

































































OTHER H.E.D. PRODUCTS & Coil Winding 4 Welding Control 4% High-Speed Contactors . 4% Saturable Reactors 
% Transformers + Precision Welding Equipment 4 Magnetizing Equipment Air-conditioned Welding and Assembly Benches 


HIRST ELECTRONIC LTD «© GATWICK ROAD, CRAWLEY, SUSSEX + CRAWLEY 25721-2-3 





P.0. Type 3000 


The most versatile relay 
available today. 
Coils up to 120,0000 
Spring Set Insulation up to 

' 5SKV 


TRANSFORMERS 
LARGE OR SMALL 


The illustration is of a 60 KVA Trans- 
former with 5,000 amp. Secondary, with 
tapped Primary to give secondary voltage 
variation from 12 volts to 4 volts. Primary 
tap changes are made with a rotary switch 
as shown. These Units are designed and ; 
tested to BSS 171 where applicable, or 4 - on 
appropriate B.S. Specification. ouiate se 

: } 4 A.C. Relays 

This is a typical fe “SN © High Speed 

example of our “C” 1; >» Uniselectors 


Key Switches 
Core range. We Latching Relays 
manufacture both : Magnetic Counters 
open and hermatic- - Are you aware of the variety to RCS and RCL 


s# of contact build-ups we can ; ti if uired 
ally sealed types, an assemble? Your problem may epecification © req 


wound to customers specifications. ) not be as bad as it seems if you 
: take advantage of our wide 
This range extends from 10 VA to 1.6 I experience in the unlimited 


KVA at frequencies up to 2,000 cps. uses of this adaptable product. Ci wht the 

@ Quotation by return ONS 
WHATEVER YOUR NEEDS — @ Prototypes within 48 hours Si e 7 / 
OUR TECHNICAL AND DESIGN DEPARTMENTS @ Good delivery guaranteed é 


ARE AT YOUR SERVICE 


° vA j 
ANDEC LIMITED fuck Dave's ALLE Lid 
A.1.D., A.R.B., approved . 7 OR J ACE fel istels A 
BENNET ROAD - READING - BERKSHIRE ‘bert. €) TUG PLAC! NDON wt 
Tel. 82401/2. ae hea ah Pee wee 
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tlectronic 
Engineering 


READER 
INFORMATION 
SERVICE 


If you would like to receive further 
information about any item adver- 
tised, or mentioned in the Electronic 
Equipment section, in this issue 
simply enter the appropriate ref- 
erence number(s) on one of the 
cards opposite and post to “Electro- 
nic Engineering” (no postage stamp 
necessary if posted in Great Britain 
or Northern Ireland but overseas 
readers must stamp the card). We 
will contact the manufacturer or 
supplier concerned. No obligation 
is incurred, 


Si vous désirez recevoir des ren- 
seignements complémentaires sur 
tout article annoncé, ou mentionné 
dans la section de l’Equipement 
Electronique, dans ce numéro, il vous 
suffira d’insérer le numéro (ou les 
numéros) de référence appropriés sur 
l'une des cartes ci-contre et d’adresser 
la carte & “Electronic Engineering” 
(ne pas manquer d’affranchir). Nous 
nous mettrons en rapports avec le 
fabricant ou fournisseur intéressé. 
Cela ne vous engage aucunement. 


Falls Sie iiber irgendwelche Artikel 
die in unserem Inserat oder im Teil 
‘Electronic Equipment’ (Elektro- 
nisches Ausriistungsmaterial) dieser 
Ausgabe erwahnt sind weitere Aus- 
kiinfte wiinschen, bitten wir Sie die 
betreffende Referenznummer oder- 
nummern einfach auf eine der Karten 
gegeniiber einzutragen und dieselbe 
an “Electronic Engineering” (Brief- 
marke erforderlich) abzusenden. Wir 
werden uns mit dem betreffenden 
Fabrikanten oder Lieferantem in 
Verbindung setzen. Dies ist fiir Sie 
volistandig unverbindlich. 


READER INFORMATION 


Electronic 
SERVICE 


Engineering 
Please orronge for me to receive further details about the products, the reference number(s) of which 
| have entered beiow. 


esa is SRO . BE 


Oa aaa . €.. 
EE as 

1 would also like details of 
YOUR NAME....... 
NATURE OF BUSINESS... 
NAME OF BUSINESS 


PLEASE USE CAPITAL LETTERS 


READER INFORMATION 
SERVIGE 


Hlectronic 
Engineering 


Please arrange for me to receive further details about the products, the reference number(s) of “hich 
| have entered below. 


EE jrecebbeticalal ron ‘ina 
EE pila, Sits coed guest . 
EE . EE . & 
EE RE ae 
€e EE ideal isantecs: ae 
1 would also like detoils of. ......... 
YOUR NAME... 
NATURE OF BUSINESS... 
NAME OF BUSINESS 
PREG «isc kcnin tls sndtivionsonss 


POSITION 


PLEASE USE CAPITAL LETTERS 


READER INFORMATION 
SERVICE 


Electronic 
Engineering 


Please arrange for me to receive further details about the products, the reference number(s) of which 
| have ertered below. 


Be, Oo ae EF LeanSiae  Peapee aor ene, ** HI 
i tiscle Metese >. Chas. nadia icine, Bole Sipe ives: 

€6..:.. lees veciticain’: Me EE . £ ‘ ; & 

EE... , RE. EE EE ; ee 

OS EE EE ; EE ar EE 

1 would also like details of. 
YOUR NAME 

NATURE OF. BUSINESS 
NAME OF BUSINESS 
ADDRESS... 


POSITION 


PLEASE USE CAPITAL LETTERS 
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OTHER H.E.D. PRODUCTS >» ¢ 
% fra * ? nls hgu 
HIRST ELECTRONIC LTD - 


E x 





—Andec 


4smerreD -« 2 


TRANSFORMERS 
LARGE OR SMALL 


wound to 
This range ¢€ 


KVA at frequen 


WHATEVER YOUR NEEDS — 
OUR TECHNICAL AND DESIGN DEPARTMENTS 
ARE AT YOUR SERVICE 


ANDEC LIMITED 


A.1.0., A.R.B., approved 


BENNET ROAD - READING 


- 
ié 4 


BERKSHIRE 
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FILEC TRONIG 


P.O. Type 3000 


The most versatile relay 
available today. 
Coils up to 120,000:) 
Spring Set Insulation up to 
5KV 


ag 


<> 


Also 

Type 600 

Polarised 

A.C. Relays 

High Speed 
Uniselectors 

Key Switches 
Latching Relays 
Magnetic Counters 
to RCS and RCL 


specification if required 


Consult the 
Seexatists / 
frock Davis (Relays y, Ltd 


(OEPT’E:) TUDOR PLACE, LONDON, w.! 
TELEPHONES: MUSEUM 7960 LANGHAM 482! 
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READER INFORMATION 
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Electronic 
Engineerin 





READER 
INFORMATION 
SERVICE Sep rtetopeapeemns 


NAME OF BUSINES 


ADDRESS 


CAPITAL LETTERS 


READER INFORMATION 


lectronic 
SERVICE 


Engineering 


¢ j 


IS j ey UG 
seignements complementaires sul 
tout article annonce, ou menticnne 
dans ia section de l’Equipemer 
Electronique, dans ce numer 
suffra d‘inserer le numero 

uméros) de reference appro 


une des cartes ci-contre et 


READER INFORMATION 
SERVICE 





No Postage 
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Fine wires 
always in demand 
for precision work 


Insulated Resistance Wires 


LONDON ELECTRIC WIRE COMPANY IND SMITHS LIMITED 


LEYION LONDON 


MODEL ESSEX 52 FA 


' Rejafix 





PRINTING EQUIPMENT 


© As used by Leading Manufacturers 
throughout the World. 


fe’ 


The Rejafix Machine will 
print on any shape and on any 
material as well as paper, 
cardboard, fabrics, etc. 
=~ 
@ SIMPLE TO OPERATE ® ECONOMICAL TO RUN ® CLEAR PRINTING IN LONG RUNS 


REJAFIX LIMITED «1-83 FuLHAM HIGH STREET - LONDON - S.W.6. 


Reiafix. Walereer 
STOCKISTS IN MOST COUNTRIES 
EE 1183 
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MORGAN BROTHERS (evsuisuers) LTD., 
28 ESSEX STREET, 
STRAND, LONDON, W.C.2. 
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READER INFORMATION 
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MORGAN BROTHERS (pususuers) LTD., 
28 ESSEX STREET, 
STRAND, LONDON, W.C.2. 
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MORGAN BROTHERS (evsuisuers) LTD., 
28 ESSEX STREET, 
STRAND, LONDON, W.C.2. 
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Fine wires 
always in demand 
for precision work 












Lewcos Insulated Resistance Wires 
with standard coverings of cotton, silk, 
glass, asbestos, standard enamel and 
synthetic enamel are supplied 

over a large range of sizes 










insulated Resistance Wires 


The largest manufacturers of the largest range of insulated wires in the World 









THE LONDON ELECTRIC WIRE COMPANY AND SMITHS LIMITED 















LEYTON 





LONDON : Eto 














MODEL ESSEX 52/FA 


2 & Fully Automatic Machine 
e a 1X specially designed for printing 
automatically small resistors 


with wires attached. 








COMBINED MARKING & 
PRINTING EQUIPMENT 
© As used by Leading Manufacturers 
™ throughout the World. 
Ne? I 


ol | 


a stag ied 
}\ sap ¥ & . (es Sh or, 
=. 
‘ ail # : 
Mot: mn 
yj : 








\ 
» \ 
co 


he nS 


the, 
ae 
— eZ 

ee 


= 





ei, 's : A ft The Rejafix Machine will 
> ~ Y £ print on any shape and on any 
Eerise ¢ » material as well as paper, 


_ = ‘ oe 7 cardboard, fabrics, etc. 
~ 








~ 


® SIMPLE TO OPERATE @ ECONOMICAL TO RUN @® CLEAR PRINTING IN LONG RUNS 


REJAFIX LIMITED 21-23 FULHAM HIGH STREET - LONDON - S.W.6. 


Telephone : RENown 5802-3-4 ° Telegrams : Rejafix, Walgreen, London ‘ Cables : Rejafix, London 
STOCKISTS IN MOST COUNTRIES 
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Manufacturers of al! types of iy A. c. SOLENOID iene SAM. 
INSTRUMENT CASES Increased Performance. 


Continuous 14 ozs. at }”. 
d CH ASSIS Instantaneous to §} Ibs. 
an in all METALS Same dimensions as Type SA. 
Larger and smaller sizes 
available. Greatly increased 
discounts for quantities. 


Also Transformers to 7kKVA 
3 Phase. 


R. A. WEBBER LTD. 


18, FOREST ROAD, KINGSWOOD, BRISTOL Phone : 67-4065 
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SPECIALIST MANUFACTURERS OF 
HIGHEST GRADE 


INSTRUMENT WIRES. 


GENERAL SHEET METAL WORK COPPER AND RESISTANCE WIRES. 
Trade Mark “MANGINSAX” — GENUINE MANGANIN. 


established 1895 
ENAMEL, SILK, RAYON COVERED. 


P.V.C. POLYTHENE, P.V.C. MICROPHONE 
Sse TO ucts “INSUGLASS”’. THERMOCOUPLE, etc. 
o asthma r THE SAXONIA ELECTRICAL WIRE CO. LTD. 
(ENGINEERING) ETD Contractors to the Admiralty Wer Office, Air Ministry 
ROAN WORKS, GREENWICH S.E.i0 
27 PACKINGTON ROAD, SOUTH ACTON, W.3 Grams: “SAXONIST LONDON” Phones: GREenwich 3713/4 
Telephone : Acorn 1153-4 and at LEEDS “GREENWICH CABLES & FLEXIBLES” 


Ke YOUR PICK 


Our wide range of capacitors, incorporating ali the very latest 
developments, are described fully in these new leaflets .. . 


SEND NOW for COPIES 


DALY has succeeded in maintaining fullcapacity values 
and working voltages in more compact designs, 
specially suited to ultra-modern equipment: 


PHOTO-FLASH EQUIPMENT - DEAF AIDS 
PRIVATE TELEPHONE INSTALLATIONS 
AMPLIFIERS * D.C. POWER UNITS 
TRANSISTOR EQUIPMENT 
MAGNETISATION 

EQUIPMENT 

TEST GEAR 


























Condenser Specialists for over 20 years. 
DALY (Condensers) LTDs, WEST LODGE WORKS, 


THE GREEN, EALING, LONDON, W.5. PHONE: EALING 3127-8-9. CABLES: DALCYON, LONDON 
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Delay Relays | Relays | 





ELECTRON OCESS TIME FOR INFORMATIVE 
pe cate ss SWITCHING AND 


FOR AUTOMATION EFFICIENT, COMPACT POWER HANDLING 
AND ECONOMICAL 





AIDS TO 


PRODUCTION WSUCVER CAR PT 6:h 








THE (Rabe 


HIGH GAIN FREQUENCY is , = 
SELECTIVE AMPLIFIERS 54 = mm eee mae 


2 se oe rae on - es 
DRAWER ie — , —- 
UNIT ME ae mame me == 


ALL STEEL a 
Stove em MELE ag: 
Enamelled re oe = “2 ry 


DARK 2m mes 
GREEN 2 Be 


OVERALL 
SIZE 
FOR THERMOCOUPLE OR OTHER APPLICATIONS 42” HIGH 
36” WIDE 
12” DEEP 





% Voltage gain 10° maximum 

a 

w Sew eppronimatety Contains 54 of these drawers, 
7 per cent of carrier frequency each 5” wide 3” high 11}” long. 


= ’ : 54 dividers and 54 drawer cards 
* Hn - filter ae as shoal with each unit. Extra divider 6d. 
requency in the range 5 c/s to each. 


2 Kc/s to be chosen 
£18 DELIVERED FREE to 


BARR & STROUD LTD pages epeny =~ pence 
Anniesland, Glasgow, W.3 N. C. BROWN LTD. 


LONDON OFFICE : 15 VICTORIA STREET, $.W.I EQUIPMENT WING . HEYWOOD . LANCS. 
Telephone: 69018 (3 lines) 




















EE 1189 for further details EE 1190 for further details 
SEPTEMBER 1958 ELECTRONIC ENGINEERING 








E 1191 for further details 


, : IGH one 
OUTPUT 


FOR RELATIVELY SMALL 
PHYSICAL DIMENSIONS 


For use in welding cir- 
cuits, to give exception- 
ally high current output. 
Intermittent rating. 


/ One of many types designed by us 
to meet special conditions. Used 
byleading shipbuilders and motor 
car manufacturers throughout 


CLASS A the country. 
INSULATION 


1-3kVA Send us details of your requirements 


—our technical staff is at your disposal 


AUSTIN WALTERS & SON, LTD. 
AYRES ROAD, MANCHESTER 16 
Tel: TRAfford Park 1827. 
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FREQUENCY METERS 


SIZES : 23” to 8” 
UP TO 5000 CYCLES 
PROMPT DELIVERY 


also the new SYNCHROSCOPE and Phase 
SEQUENCE METER both up to 5Kc. 


and full range of Switchboard instruments 
Ask for illustrated Catalogue 
THE ELECTRICAL INSTRUMENT 
Co. (Hillington) LTD. 


HILLINGTON GLASGOW 


London stockists, H. A. Patterson & Prnrs., Ltd., 
Oxford House, 23 West Wycombe Rd., High Wycombe. 
Telephone : High Wycombe 2769 


BDAAAAAAAALAAALAL LLL eee LISSA SSI ASD DDD DOA SSSI ADD DD DD DDS 





cw 3200 
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The Favourites tn The Trade! 
mp AERIAL SOCKET TYPE cs3 
* Trouble-free long life 

* Robust construction 
* Moulded in one piece 
* Thoroughly insulated 


ere 
FIT TO ALL 
STANDARD 


CO-AXIAL PLUG TYPE CPI TYPES 


* Easy assembly 
¢ Strong structure 


* Made for perfect 
connection by 


===> PANORAMA RADIO CO 


73 Wadham Road Putney SWI5 Telephone : VANdyke 5300 
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LEATHER GASES 


WE HAVE HAD 50 YEARS EXPERIENCE 
AND MAKE TO SPECIFICATION 


R. A. BLAIR LTD. 


19 FERDINAND ST., 
LONDON, N.W.|! 


GULLIVER 
4873 








SPECIALISTS IN RUBBER MOULDINGS FOR OVER 60 YEARS 


THE HARBORO’ RUBBER COMPANY LTD. MARKET HARBOROUGH 
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TELEPHONE: 2274-5-6 





EE 1196 for further details 


for every type of 
resistor 


Fine and Superfine Wires, in all 
sizes, down to .0007" diameter are 
now readily available. Fully 
annealed, with either bright or 
oxydised finish. 

A special quality stress-relieved 


bright finish can also be supplied. 


80/20 and 15% nickel chrome 
resistance wires and tapes 


All Vactite resistance wires fully comply with the 
relevant British Standards. 


For details and samples write to:- 


VACTITE WIRE COMPANY LIMITED 





47 LW) . 

C (8) (tes) )— 
75 ST. SIMON STREET - SALFORD 3 + LANCS — (nent) 
—" 








REMANENT RELAYS 


with a magnetic latching feature 


TMC P.O. type 3000 and 600 relays are now available fitted with 


special “‘remanent”’ cores having a high order of retentivity, 

and will /atch-up on receipt of a signal, remaining so, without 
power, until the core flux is cancelled. This is effected 

either by a current reversal in the operate winding, 

or by the use of a second release-winding. When 

latched-up the relays can withstand a high degree 

of shock and vibration. 

The relays are available fitted with the usual range 

of coil windings and contact assemblies; the same 

operating conditions apply as for standard 

3000 and 600 type relays. 

TMC REMANENT RELAYS supersede the use of hold-on coils 
and contacts and are ideal for DIGIT STORE and REMOTE 
CONTROL applications. 


Write for technical data to: 


TELEPHONE MANUFACTURING CO LTD 


Manufacturers of the Carpenter Polarized Relay 
HOLLINGSWORTH WORKS, DULWICH, LONDON S.E.2I 
Telephone: GIPsy Hill 2211 
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Have you a Relay Problem ? 


Typical 3,000 type Relay 


The answer is at your elbow! 
Just pick up your telephone and our long experience is at your service. 
—delivery—applications etc., etc.—we can help you in all of these. 
Service is our byword 
P.O. TYPE 3,000 & 600 Relays 
Relays manufactured to your specification to A.1.D. & 1.£.M.E. Standards 
*ICOILS up to 80,0001) * CONTACTS up to & amp. 
* INSULATION up to Skv. * PROTOTYPES 24 hours 
*% SPECIALISTS in TROPICAL- % TRANSISTORISED 
ISATION RELAYS 


Technical data leaflet on request. 


Sub-contractors for Electronic Equipment 





DEPENDABLE RELAY 
CO. LTD. 


8A AINGER RD., CAMDEN TOWN, LONDON, N.W.3. PRimrose 8161 
Head Office, 12a Tottenham Street, w.i 





SHEET METAL WORK 

WELDINGS fi rering'ie sees 
FABRICATIONS} (i272 
(Weathershields. 


PRESSINGS years, a modern factory 
efficient service — are 
BISHOP STREET, BIRMINGHAM“ — 
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WEBB’S RADIO 


are pleased to announce 


that their new 
SOHO ST. DEMONSTRATION ROOM 


is open, affording instant 
comparison of all that is best 
in high fidelity reproduction, 


both MONAURAL and STEREOPHONIC 

Shop Hours: 9.00 to 5.30 (7.00 p.m. Thursday) and 9.00 to 1.00 Saturdays 
{) yD «@ ° 
4 ‘F's: 


14 SOHO STREET, LONDON, W.i. TELEPHONE : GERrard 2089 
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For delivery SERVO AND ELECTRONIC SALES LTD., 
ex stock 1, HOPTON PARADE, STREATHAM HIGH RD., 
from:— LONDON, S.W.16. | Tel : STReatham 6165 





AP10428 AP10855 

AP10852 AP11100 AP6550 
AP11101 

API 


AP 10738 


AP10638 AP10866 AP11123 
OS371 
AP10682 AP10739 API1112 


AP10952 
AP10742 AP19742M 


AP10732 AP10872 
AP10870 AP10964 


itter 
F.T. Transmitter AP10687 
Hunter __incdg. 
S.A. Hunter 
M.C. Hunter 
SY-L Hurter 
AP 10874 
AP6549 


AP6549A 
ares AP10643 AP10862 AP10743 AP10877 OS3255A 


AP10957 
MANY OTHER TYPES AVAILABLE. YOUR ENQUIRIES ARE WELCOMED 
SERVO SYSTEMS AND COMPONENT BROCHURE SENT ON REQUEST. 
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LOW FREQUENCY 
QUARTZ CRYSTALS 


Increased manufacturing facilities have enabled us to extend the frequency 
range of Q.C.C. Quartz Crystal Units in the low frequency direction. 
Units are now available in the frequency range from | ke to 40 kc/s. 
Bimorph, NT Cut, or 5 =x Cut Flexural elements are used according to 
frequency, and prices are fully competitive. 

Low frequency units for frequencies higher than 40 kc/s are covered by 
our standard range of 5 x Longitudinal Mode, CT Cut, and DT Cut 
crystals. 

We can offer prompt deliveries, and a technical advisory service on 
circuitry and other problems is always at your service. 


When it’s crystals, think of Q.C.C. first ! 


THE QUARTZ CRYSTAL Company Ltd. 


Q.C.C. Works, Wellington Crescent, New Malden, Surrey 
Telephones: MALden 0334 & 2988 Grams & Cables: Quartzco, New Malden 
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INSULATION 


Our products include— 

Presspahn and Leatheroid; Pressboard; Vulcanized Fibre; 
Cabie and Red Rope Paper; Bakelite and Ebonite; Varnished 
Paper and Tapes; Varnished Silks and Tapes; Varnished 
Glass and Tapes; Varnished Cambric, Silk, Glass and P.V.C. 
Sleevings; Cotton Tapes, Webbings and Sleeving; Chatterton 
Compound; Adhesive and Rubber Tapes; Acetate Coated 
Insulation. 


PRESSPAHN, LTD. 


BRADFORD, YORKS, ENGLAND We FListeA 





atec'!STEneg, 








ELLSTEA 





Telephone: Bradford 25135 (Pvt. Br. Ex.) 
Telegrams & Cables: ‘‘Presspaha, Bradford” >, 


SEPTEMBER 1958 
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DESIGNED for ACCURACY 


PECIALISTS in the manufacture of 

Variable Wirewound Resistors 

for over 20 years, Coivern Ltd., 
are BRITAIN’S largest manufacturers of 
these components 


Our fully comprehensive range includes :- 


+ 4 Sealed Wirewound Potentiometers and Variable 
Resistors Fully Type Approved to Inter-service Specifica- 


tions RCS/12! and RCL/I2! 


Standard Wirewodnd Potentiometers from | to |5 watts 
rating, including multi-ganged types and semi-preset 


Controls for Television Receivers. 


High Accuracy Precision Potentiometers including 
sine/cosine types. These Potentiometers—the most 
accurate made in the world to-day—are 

incorporated in most modern Radar, 


Navigation and Computing Equipment 


Ten Turn Helical Potentiometers 


COLVERN LIMITED 


Spring Gardens - Romford - Essex 
Telephone No: Romford 62222 PBX 


SEPTEMBER 1958 
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for consistently high 
performance 


Every TELMAG core is tested and guaranteed 


In single and 3-phase transformers 


* High performance components. 
TELMAG * A wide range of sizes and types. 
OFFER %* Rapid delivery. 
you % Competitive prices. 

%* First-class technical service. 
TELMAG are the largest manufacturers of strip wound 
cores to the Trade in Great Britain, and have 
exceptional facilities for the production and testing 
of wound cores in the standard ranges. Specials 
and prototypes offer no problem; write to us 
for technical literature indicating the product group 
in which you are interested. 
Banding Tools, Strip and Seals are available ex stock. 
“Have you heard about TELMAG'S new super-finished *C’ cores? Their 


performance sets a new high standard.’ Performance curves and details 
available now 


You can rely on RgSGL0Neq for quality and service 


TELCON-MAGNETIC CORES LIMITED 
p) CHAPELHALL, AIRDRIE, LANARKSHIRE, 

GREAT BRITAIN. Tel. Airdrie 2283-4. 

Telegrams : TELMAG, Airdrie. 


4 member of the TELCON Organisation 
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SELECTION FROM. 


OPP OPPO AO 


Miniature plunger, door interlock 
switch with N.O. contacts, 2-amps. 
550-volts A.C. Size 24” long x I” dia. 
(Type C 32 L 310). 


LARGE RANGE OF 











Flush-mounting T.P. isolating 
switch for building-in Machine 
Tools, etc. 30-amp. 550-volts 
(Type C 95). 


The New Small A.C. Power Relay 


Available 2-, 4- or 8 poles (with one or two coil circuit 
change-over contacts), fine silver double-break ‘ 
main contacts rated at 10-amps. 550-volts.~"~ 

Any pole can be N.O. or N.C. 


IMlustrated is a 4-pole enclosed relay 
& 


Terminal blocks (Type J 96) 
with clamp type terminals, white 


marker strip. Generous clear- Rsaccemunr tes : 
ances between phases and to 3 By : 
earth. fae Bee eee 
Made in the following sizes: 8 + 
15-amp. 550-volt. 3-, 4- and 6-way. F 3 ees : 
30-amp. 550-volt. 3- and 4-way. pa 5 4 
ST DONOVAN ELECTRICAL CO. LTD. 


Sales Engineers available in LONDON, BIRMINGHAM, MANCHESTER, 74 Granville Street + Birmingham 1 
GLASGOW, BELFAST, BOURNEMOUTH. LONDON DEPOT: 149-151 YORK WAY,N.7 GLASGOW DEPOT: 22 PITT ST., C.2 
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“ SPINIATURE” 


AN ELECTRONIC ORGAN SUB-MINIATURE—) 
FOR THE b PLUGS, SOCKETS, 


AND 


HOME CONSTRUCTOR SOCKET STRIPS 


q 


By Alan Douglas, M.1.R.E., M.A.LE.E. 

Here is a do-it-yourself book which gives SPEAR ENGINEERING CO. LTD. 
; F WARLINGHAM + SURREY 

straightforward instructions for building an Tel: Upper Warlingham 2774 








inexpensive electronic organ. Compact and EE 1209 for further details 





easily transportable, the instrument has been 


specially designed for amateur use in church, BRITISH SPRINGS X% WASHERS 


hall or home. Detailed step-by-step 


instructions are given, as well as a complete WILLIAM FINU CANE 


list of materials and their suppliers. - (Springs and Pressings) LTD 
Illustrated with photographs and diagrams. 


From booksellers, 15/- net. A.1.D. A.R.B. 


PITMAN ELGAR 3757/8/9 


Park er es Kingsway, London, u 6 oe 2 16A HILLSIDE, STONEBRIDGE PARK 
LONDON, N.W.10 
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ROTARY TRANSFORMERS 


H.T. 31 


input 11.5 volts 
Output 250 volts at 125 m/a. 


H.T. 32 


Input 11.5 voles 
Output 490 volts at 65 m/a. 


DIMENSIONS 
Diameter 3} in. inc. brushes. 
Length 5 in. 


Weigh » 
Tropicalised woctttliactun 


if required. 





AS USED IN PYE MOBILE TRANSMITTERS 
AND RECEIVERS P.T.C. 102 AND P.T.C. 114. 
Also HUDSON'S MOBILE RADIO TRANS- 
MITTERS AND RECEIVERS. 





DYNAMOTOR ROTARY TRANSFORMER 


Output 265 v. at 75 mA THE SAFE PACKING... 


D.C. input 27 v. MIDAFOM Expanded Polystyrene extremely light, 
Output 285 v. at 75 mA. 
shock absorbing, water repellent, insulating. Moulded to 


D.C. input 12 v. suit your requirements 
Output 250 v. at 50 mA. Y q 





SUPPLIERS TO 
GOVERNMENT DEPARTMENTS 


& LEADING MANUFACTURERS Manufactured a | t DD AY 
by: 


DEPENDABLE RADIO SUPPLIES LTD PLASTICS LTD 


12A TOTTENHAM ST. LONDON, W.1. LANgham 7391/2 
Manafacturers of Electronic Equipment. 


Fabricating, bending and forming of all plastic materials. 


34, Hoxton Square, London, N.|I. Tel : SHOreditch 7433/7373 














A revolutionary new idea, 


TAYLOR’S ‘CENTRE POLE’ 


moving coil movement sets the standard for 


panel meters. It is the MOST SENSITIVE 
AND MOST POWERFUL MOVEMENT 
ON THE MARKET measuring 5 millionths 


of an amp with complete reliability, and accuracy 


TAYLOR ELECTRICAL I 


to B.S. 89/54 Industrial limits. Extremely robust, 
this instrument consists of a centre core magnet 


surrounded by a soft iron ring where the coil 


rotates around the magnet TORQUE TO 
WEIGHT RATIO IS AT LEAST TWICE 
THAT OF CONVENTIONAL MOVE- 


MENTS. stick-FREE OPERATION, INHERENT 
MAGNETIC SHIELDING. A novel method of dry 


balancing ensures permanency and _ reliability 


Patented anti-parallex mirror scale gives accurate reading. The meters can withstand 10,000 per cent overload 


VERY COMPETITIVE PRICES ‘ PROMPT DELIVERY A wide range of meters. round or rectangular 1 


Samples delivered in seven days Quantities in 4 weeks 


SEE THIS METER AND OTHER TAYLOR TEST 
INSTRUMENTS AT THE RADIO SHOW Stand 212 ea, Cot — 
Write for a catalogue stating your requirements 


TAYLOR ELECTRICAL INSTRUMENTS LTD., DEPT. EL., Montrose Avenue, Slough, Bucks. Tel: Slough 21381 
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A pressing which is produced 
by the million. It is showr 
actual size on the right 


FOR TWO PINS... 


Been let down on delivery? 


A need for large quantities of accurate 
pressings very quickly? 


Let us quote you, you will be impressed. 


H. A. LIGHT (PRODUCTION) LTD. 


Winster Grove, Shady Lane, Kingstanding, Birmingham, 22a 
Telephone: GREat Barr 4211/2 


are proud of their ability, prices and delivery 
for any quantity of small, accurate pressings in metal. 


London Office: 
St. George’s House, 44 Hatton Garden, London, E.C.! 
Telephone: CHAncery 5776 











Instantaneous Mechanical or Electrical Reset 


* 


Now made 


Up to twenty-five Counts per second 
Auxiliary Contacts 

Four or Five Digits in Britain 
Compact and Robust Construction to Swiss 


Wide range of D.C. Voltages design 


* 


Low Coniumption 


Full details from 





THE STOWEBRIDGE 
ELECTRICAL CO. LTD. 


© @weee Anne's Gate -Leadeen 5.0.1 
Telephone: TRATeigar 1444 
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ALL TYPES SUPPLIED 
CONVENTIONAL METHODS OF FIXING 


PRINTED, ETCHED, ANODISED OR 
MACHINE ENGRAVED 


IN METAL OR PLASTIC 


* BUT IF YOU WANT A —STIKFIX— 
Quick FIX! = USE eee | 


MANUFACTURED BY 


RICHARD CHING & SON LTD. 








721.NORTH CIRCULAR ROAD, CRICKLEWOOD,LONDON, N.W 2. 
ven ow 2427 & 6846. 
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INSULATING SLEEVINGS 
] —_ 
| P.V.C. | 
SLEEVINGS 
INSULATED WIRES 
and FLEXIBLES 


A1.D. AND A.R.B. APPROVED. oom 



























































PLASTICABLE LIMITED || 


HAWLEY LANE - FARNBOROUGH - HANTS 
PHONE: FARNBOROUGH, HANTS 85 
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WE SUPPLY 
U.S.A. CATALOGUES 


OF PRODUCTS SIMILAR TO YOURS... FROM 
U.S.A. COUNTERPART FIRMS 

YOU tell us what products and catalogues you are interested 

in—we obtain and send them to you. You receive from 50 


to 200 catalogues per year—also price lists, sample products, 
sales bulletins, etc. Free descriptive bulletin sent on request. 


ESTABLISHED 30 YEARS 
CONTINUOUS CATALOGUES SERVICE 


Dept. EN.27B, 684 Broadway 
New York 12, N.Y., U.S.A. 
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your 
equipment 


needs 


CABLE CLIPS 


Every year more and more millions of Insuloid 
Cable Clips are supplied to the Radio, Electronic, 
Switchgear, Domestic Appliances, Aircraft, 

Marine Engineering, Atemic Energy, Electrical 
Contracting and Laboraiory Equipment 
manufacturing industries . . . that’s real proof of 
satisfaction and service by Insuloid NX, CY and X 
type Cable Clips. Insuloid Cable Clips secure 
cables, tubes and components wherever a high 
grade and secure fixing is required. For guaranteed 
reliable service in all climatic conditions. 


NX CLIP CY CLIP xX CLIP 


Made from highest For dual cable runs Manufactured in 
grade nylon, strong- in seventeen sizes, highest grade hard 
er than metal and covering cable di- P.V.C. in twenty- 
twice as light, in ameters */,, in. up to five different sizes 
sizes from j in. to *'/s¢ in. In highest from 4 in. inside 
2} in. inside dia- grade hard P.V.¢ diameter to 2 in 
meters. inside diameter to 

cover the smallest 


.and the bush which simply won’t come out! 44 largest wiring 
runs 


‘RING LOCK’ BUSH 


Here’s a bush specially designed for 
instant assembly. The Insuloid simple 
snap-on finger action is as quick as a 
thought and once it’s fixed it stays 
fixed, guaranteeing no chafing, and no 
tools are required whatsoever. 


Insuloid Ring Lock Bush is non- 
metallic, fully tropical, high dielectric, 
is approved by all services and is com- 
pletely secure under all working cond- 
itions. Another Insuloid time- 
and-money-saving component. 
Send for fully descriptive literature 
covering the full range of Insuloid 


Cable Clips and Ring Lock Bushes 
today. 


INSULOID MANUFACTURING CO., LTD 


Sharston Works, Leestone Road, Wythenshawe, M/C 
Tel: WYT 2842 & 3163 Grams: Insuloid, Manchester 
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MINIATURE DIMMER 
RESISTOR half the 


weight and smaller 
than equivalent typas 


Only 15” square. 
Standard range controls from 2 to 50 
Thorn 28 volt, 1 watt, Miniature P. Lamps. 


building up to ambient temperature of 70° c. 


* 

* 

* Maximum temperature rise of 30° c. 
* Positive off position. Flame proof. 


Primarily designed for use with Thorn Plasteck and also Pillar and 
Bridge lighting systems this miniature resistor is widely employed in 
all fields of controlled lighting systems for cockpit and console 
panels and for telecommunication equipment. Construction allows 
for wide variation in the assembly of the resistor elements to suit 
many applications. Standard fixing is by screwed bush and locating 
peg. The Dimmer is operated by a quarter inch dia. spindle. 





NO. OF .044 PROJECTION 
RESISTANCE NO, OF FILAMENTS FOR BEHIND 
IN OHMS SECTIONS WHICH ASSY IS MOUNTING 
SUITABLE PANE! 
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Enquiries to Aircraft Components & Connector Division 
Thorn Electrical Industries Ltd., Great Cambridge Rd., Thorn i 
/ 


——— 
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“@-MAX "” MODEL 
G.D.O.—1A GRID DIP 
OSCILLATOR 
is an ideal instrument for 
the determination of tuned 
circuit resonant frequency, 
tuning transmitters without 
application of power, for 
the determination of coil 
mutual and stray induct- 
ances and both fixed and 
stray capacitances Covers 
1.5 to 300 Mc/s. in eight 
ranges. PRICE 15 Gnas. 

Complete. 


“@-MAX" CHASSIS 
CUTTERS 


The easiest and quickest way of 
cuttin a in SHEE 


MET 


2 NEW SIZES 

each 
4” (Key I/-) ... 12.9 
2” (Key 2/3)...  30/- 


(LIST OF COMPLETE RANGE ON 
APPLICATION) Patent No. 619178 








40 Page FULLY ILLUSTRATED CATALOGUE of Electronic 
and Hi-Fi Equipment free on application 








25, HIGH HOLBORN, LONDON, W.C.I. 
Tel.: HOLborn 6231/2 
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THE Thtann TOOL & ENG C°L" 


ALEXANDRA RD, PONDERS END, MIDDX 


H Ww 
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Increased production results in 


COWER RELAY PRICES / 


We are manufacturers of Post Office Type 3000 
relays with contacts and windings to customers’ 
requirements. 

Impregnation, tropicalisation and high voltage 
insulation available. 

Our Sales Engineers will be pleased to call and 
discuss your requirements. 

FAST DELIVERY 


A.I.D. Type approved tor High Voltage. 
Certs. No. 1178/1 and 1179/1 


STEVENAGE RELAYS LIMITED 
4n Associate Company of W. H. Sanders (Electronics) Limited 
GUNNELS WOOD ROAD .:- STEVENAGE - HERTS 


Telephone : Stevenage 981 
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INSTRUMENT WATCH & CLOCK 
MATERIALS AND PRECISION TOOLS 


Broaches @ Lathes @ Pivot Steel @ Staking Sets 
Tweezers and Pliers Be Cleaning Machines 


Polystyrene Specimen Boxes 


Send for illustrated catalogues and price list 

JOHN MORRIS (Clerkenwell) Ltd., 

64 Clerkenwell Road, London, E.C.1. 
Clerkenwell 6077 
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® PHIL-TROL 
| SOLENOIDS 


Range covers types 41 and 
42 (front I” x 1}”) 38, 39 
and 40 (front 14” x 1}”) 
and power A.C. and D.C. 


QUICK DELIVERY sizes up to 60 inch-lbs. 


| 
Solenoids are normally Ii | 

despatched same day Mi || 6-460 v A.C. and 
1 


as receipt of order. || ||||||| D.C. types 
& — <= a a 
PHILLIPS CONTROL (G.B.), LTD. 


Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 
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HATFIELD Attenuators 








TYPE RV 

has a useful frequency range from 
D.C. to over 400Mc's. 

Eleven positions, each spaced 30°. 
Maximum attenuation 10dB per 
step. 


TYPE RW 

has a useful frequency range from 
D.C. to over 900Mc's. 

Six positions, each spaced 60°. 
Maximum attenuation, 20dB per 
step. 





%& Choice of terminations includes 
types 83, N, P.E.T., Pattern 2 
etc. 


% Choice of output impedance, 50, 
75, 100 ohms. Type RV assembly, illustrated here, is 
. , one of the many now being incorpor- 
kk Send for illustrated leaflet showing ated into Services and industrial 
how to incorporate these new equipment 
attenuators in YOUR equipment. - 


Hatfield instruments Ltd. Crawley Rd., Horsham, Sussex. Tel.: Horsham 3232 
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The Flamemaster 
hand torch 


% FLAMEMASTER is the registered trade name of STONE-CHANCE Ltd. 


The Stone-Chance FLAMEMASTER is now distributed only by 
Buck and Hickman Ltd. 


This famous little tool remains unchanged in design and 
invaluable for all glass working, brazing and soldering. It is 
still made by Stone-Chance, but your enquiries and orders 
should now be addressed to :— 


BUCK & HICKMAN LTD. 


2 Whitechapel! Road, London, E.1 
also at Birmingham, Bristol, Glasgow, Leeds and Manchester 


Stone-Chance Ltd., 28 St. James's Square, London, S.W.1 
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PNET 


RECORDING + Sat Now! 


. % , A BRAND 
CAMERA < on NEW 12 
, Changeover 
Magnetic 
RELAY 





Reg'd Design No. 88/830 





Enormous range of P.O. 

3,000 Type Relays. 

CONTACTS : 

300 m/A to 8 amp. 

COILS : 

Up to 100,0000). 

Capacity 

200 ft P.O. 600 and High-Speed Type 2 
. Relays. Built to Specification ee LARGE 


or 400 ft. of 35 mm. film 
STOCKS OF 


PROTOTYPES—EXPERIMENTAL MODELS KEYSWITCHES 


PRECISION GEARING AND SPROCKETS 


i2, OVAL ROAD, LONDON, N.W.| 2 irongate Wharf Rd., Praed St. 
Telephone: GULliver 2353/4085 ondon, v2 | PAD 223! 2 , 


v@rseas Governme 




















ELECTRONIC INSTRUMENT 
CUBICLES 


With the knowledge we have obtained during the past 
16 years in this type of Engineering we offer these 
cubicles with confidence. 

Ranges—2 ft. to 6 ft.—ex stock. 


Both front and rear framing are drilled, and tapped 
1.B.A. to International centres. 


Close tolerances have been maintained in design, 
giving interchangeability of clothing in the event of 
damage, and insect proofing for tropical conditions, 
with no gap being greater than -080”. 


A noteworthy feature is the fitting of a removable 
cable-entry panel at the rear, to enable users to drill 
or punch for cable-entry without defacing the cubicle 
in any way. 


Chassis, Cases, Panels Adequate ventilation is given from louvres in the 


and associated fixin: : . . . 5 
are Re regres agen bottom and sides of Cubicle. Forced ventilation units 
manufactured to cus- $i, are available. 


tomers specification. 


SEND FOR OUR LIST 


THE P & H ENGINEERING COMPANY LIMITED HUNTINGDON. 
Telephone: Huntingdon 28. 
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A.D.S. Relays, Ltd. 

Achbars, Ltd. 

Adcola Products, Ltd. 
Advance Components, Ltd. 
Airmec, Ltd. 

All-Power Transformers, Ltd. 
Alma Components, Ltd. 
Amplivox, Ltd. 

Andec, Ltd. 

Anglo-American Vulcanized Fibre Co., Ltd. 
Automotive Products Co., Ltd. 
Aveley Electric, Ltd. 

Avo, Ltd. 


B. & K. Laboratories, Ltd. 
Bakelite, Ltd. 

Barlow-Whitney, Ltd. 

Barr & Stroud, Ltd. 

Belling & Lee, Ltd. 

Berry's (Shortwave), Ltd. 

Birch, H. A., & Co., Ltd. 

Bird, Sydney S., & Sons, Ltd. 
Birmingham Specialities, Lid. 

Blair, R.A., Ltd. 

Booth, James, & Co., Ltd. 
Boulton-Paul Aircraft, Ltd.  . 
British Electric Resistance Co., Ltd. 
British European Airways 

British Ferrograph Recorder Co., Ltd. 
British Insulated Callender’s Cables, Ltd. 
British Springs & Washers 

British Thomson-Houston Co., Ltd. 
Brown, N. C., Ltd. 

Broxlea Products, Ltd. 

Burgess Products Co., Ltd. 


Cc 


Carter Gears, Ltd. oa 
Chapman & Hall, Ltd. , 
Chase Products (Engineering), Ltd. 
Ching, Richard, & Son, Ltd. 
Cinema-Television, Ltd. 

Cinetra Mig. Co., Led. 

Collett, (S.H.) Mig. Co., Ltd. 
Colvern, Ltd. 


3 
77, 78, 79, 
I 


INDEX TO ADVERTISERS 


Continuous Catalogues Service Inc. 
Cooper & Co. (Birmingham), Ltd. 
Cossor Instruments, Ltd. 

Cottage Laboratories, Ltd. 


Daly (Condensers), Ltd. 
Danbridge, A. S. 

Davis, Jack (Relays), Ltd. 
Davis & Thompson, Ltd. 
Decea Radar, Ltd. 

De Havilland Engine Co., Ltd. 
Dependable Radio Supplies, Ltd. 
Dependable Relay Co., Ltd. 
Donovan Electrical Co., Ltd. 
Dowding & Doll, Ltd. 

Dzus Fastener Europe, Ltd. 


E.M.1. Electronics, Ltd. 

E.M.1. Sales & Service, Ltd. 
Eddystone Radio (Stratton & Co., Ltd.) 
Ekco Electronics, Ltd. 

**Electrical Energy” on 

Electrical Instrument Co. (Hillington), Ltd. 
Electro Methods, Ltd. 

Electronic Tubes, Ltd. 

Electronic Instruments, Ltd. 

Engel & Gibbs, Ltd. 

English Electric Co., Ltd. ‘ 

English Electric Valve Co., Ltd. 
Ericsson Telephones, Ltd. 

Evans, Frederick W., Ltd. 

Expanded Metal Co., Ltd. 


Farnell Instruments, Ltd. 
Ferranti, Ltd. ‘ 

Fortiphone, Ltd. 

Fulham Electrical Components, Ltd. 


Gardner, Henry, Ltd. 
Gardners Radio, Ltd. 
General Electric Co., Ltd. 
Genevac, Ltd. 

Goodmans Industries, Ltd. 


168 


122 


, 28 


il 


Great Bridge Foundry Co., Ltd. 
Griffiths, Gilbart, Lloyd & Co., Ltd. 


Haddon Transformers, Ltd. 88 
Harboro’ Rubber Co., Ltd. 162 
Harwin Engineers, Ltd. 13%6 
Hatfield Instruments. Ltd. 171 
Henry & Thomas, Ltd. 131 
Hewlett-Packard, Co. 138 
Hilton Electric Co., Ltd. 161 
Hirst Electronic, Ltd. 158 
Hivolt, Ltd. 103 
Honeywell-Controls, Ltd. 64 


Hunt, A. H. (Capacitors), Ltd. 


Cover im 


1.D.M. Electronics, Ltd. 

Ilford, Ltd. 

Imhof, Alfred, Ltd. 

Imperial Chemical Industries, Lid. 
Industrial Automation, Ltd. 
Instrument Screw Co., Ltd. 
Insuloid Mig. Co., Ltd. 


Jackson Brothers (London), Ltd 
Johnson Matthey & Co., Ltd. 
Jones & Rooke (1948), Led. 


Kelvin & Hughes, Ltd. 
Keyswitch Co. 
Klaxon, Ltd. 


L 


Langham-Thompson, J., Lid. 
Lewis Spring Co., Ltd. 

Light, H. A. (Productions), Ltd 
Linread, Ltd. 


(Continued on next page) 





Stepless speed variation 

from input speed down to zero r.p.m. 

with accurate control by Handwheel, 
Remote Electrical or Lever arrangements. 
Carter Variable Speed Gears may be used 
to pick up loads from zero r.p.m. 

and speed control setting may be adjusted 
with the drive running or stationary. 
Manufactured in ten sizes for 

fractional up to 35 horsepower drives. 
Write for Folder 458. 
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Carter 

Variable Speed 
Drive to a Rag 
Pulling 
Machine 


By courtesy of 
J. Redewick 
& Sons Ltd. 


BRADFORD 3 
YORKSHIRE 
ENGLAND 


*phone: Bradford 64378 (3 lines) 
‘grams: ‘Became’ Bradford Telex 
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RECORDING 
CAMERA 


PINETRA 


Reg'd Design No. 88/830 


Capacity 
200 ft. 
or 400 ft. of 35 mm. film 


PROTOTYPES—EXPERIMENTAL MODELS 
PRECISION GEARING AND SPROCKETS 


12, OVAL ROAD, LONDON, N.W.I 
Telephone: GULliver 2353/4085 
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NOW! 

A BRAND 
NEW 12 
Changeover 
Magnetic 
RELAY 





Enormous range of P.O. 
3,000 Type Relays. 
CONTACTS : 

300 m/A to 8 amp. 
COILS : 

Up to 100,0000. 


P.O. 600 and High-Speed Type aN 
Relays. Built to Specification oe at LARGE 
STOCKS OF 
KEYSWITCHES 


2 Irongate Wharf Rd., Praed St., 
London, W.2 PAD 223123 








Chassis, Cases, Panels 
and associated fixin 
brackets tooled an 
manufactured to cus- 
tomers specification. 





ELECTRONIC INSTRUMENT 
CUBICLES 


With the knowledge we have obtained during the past 
16 years in this type of Engineering we offer these 
cubicles with confidence. 


Ranges—2 ft. to 6 ft.—ex stock. 


Both front and rear framing are drilled, and tapped 
1.B.A. to International centres. 


Close tolerances have been maintained in design, 
giving interchangeability of clothing in the event of 
damage, and insect proofing for tropical conditions, 
with no gap being greater than -080”. 


A noteworthy feature is the fitting of a removable 
cable-entry panel at the rear, to enable users to drill 
or punch for cable-entry without defacing the cubicle 
in any way. 

Adequate ventilation is given from louvres in the 
bottom and sides of Cubicle. Forced ventilation units 
are available. 


SEND FOR OUR LIST 


THE P & H ENGINEERING COMPANY LIMITED HUNTINGDON. 
Telephone: Huntingdon 28. 
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Stepless speed variation 
from input speed down to zero r.p.m. 

with accurate control by Handwheel, 
Remote Electrical or Lever arrangements. 
Carter Variable Speed Gears may be used 
to pick up loads from zero r.p.m. 

and speed control setting may be adjusted 
with the drive running or stationary. 
Manufactured in ten sizes for 

fractional up to 35 horsepower drives. 
Write for Folder 458. 







Carte 
} ariabl Spe ed 
Drive to a Rag 
Pulling 
Machine 













By courtesy of 
J. Redewick 
& Sons Ltd 













BRADFORD 3 
YORKSHIRE 
ENGLAND 


‘phone: Bradford 64378 (3 lines) 
‘grams: ‘Became’ Bradford Telex 
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MINIATURISATION wow catered for with 


MINIATURE POTS 


To physical size style RVW 13 & 14. 


Rated at 2 watt 70°C. Resistance 
up to 50,000 ohms. Can be fitted 
with turret lugs, fly-a-way connec- 
tions, or “‘plug-in’’ type for printed 
circuits. Symmetrical body with 
“spun on™” aluminium lid. This 
component is suitable for ganging. 
(Up to 75,000 ohms against special 
requifement) 





Semi-miniature 10 & 15 turn INDICATING DIALS 




















Other STANDARD COMPONENTS include :— 


special wound cards and Pots to customers’ 
specifications, Flush Locks, standard Pots, spindle 
locking devices and Servo Pots. Please write or 
telephone for free catalogue of complete range of 
these latest developments in precision components. 


Precision compact Indicating Dials for use with 10 & 15 
Turn Helical Potentiometers, or other applications, with an 
overall depth of % in. and 1} in. diameter of skirting. 
Larger sizes also available. .Machined in duralumin and 
direct geared to prevent “‘backlash’’. Various colourings. 
Can be fitted with anti-vibration device. 





NEW ROAD, RAINHAM, ESSEX. Tel: Rainham 4143 


Wirepots Ltd 
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REGISTERED TRADE MARK 


applications 


TYPES 
DRY ELECTROLYTIC 
METALLISED PAPER (HUNTS PATENTS 
METALLISED PLASTIC FILM (HUNTS PATENTS) 
PLASTIC FILM + FOIL & PAPER 
SILVERED MICA ~* STACKED MICA 
CERAMIC * POWER CERAMIC 
TRANSMITTING AND SPECIAL R. F. TYPES 


APPLICATIONS 


RADIO AND TELEVISION EQUIPMENT 
ELECTRONIC EQUIPMENT 

POWER FACTOR IMPROVEMENT 

CAPACITOR MOTORS * FLUORESCENT LIGHTING 
PHASE SPLITTING ~- H.F. AND R.F. HEATING 
IGNITION AND INTERFERENCE SUPPRESSION 
TELEPHONE INSTALLATIONS 


A. H. HUNT (Capacitors) LTD., WANDSWORTH, LONDON, S.W.18. Tel: VANdyke 6454 


Factories also in Essex, Surrey and North Wales 
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PROFESSIONAL RECORDERS FOR THE HOME 


Fast rewind, fast forward and “inching” 
lever control. Sound available 


if required, 


Safety latch 
protecting record button. 


Off, record and 
playback push buttons. 


Tape/Input switch 
providing instant 
comparison 
between input 
signal and signal 
recorded on tape. 


Peak level 
recording meter. 


Record amplifier 
gain control, 


Playback amplifier 
gain control 3 watts 
undistorted output. 


\ ae 


— 
ge 
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Output from playback pre-amplifier 
to feed external amplifier. 


ae 


Clock-type tape position indicator. 


3 separate heads, 
erase, record 
and playback. 


il 


Meter zero control. 


Output socket to external 
speaker when used mutes 


Radio or pick-up 
input socket. 


Microphone input socket. 


internal speakers. 


THE TECHNICAL EXPERTS’ OPINION OF THE REFLECTOGRAPH: 


P. Wilson, M.A., 
“The Gramophone” 

This is without doubt the most 
versatile domestic tape recorder 
that I have had the pleasure of 
trying out, and the quality, 
both of its recording and its 
playback, is of exceptionally high 
standard. For quality of perform- 
ance, then, I give the instrument 
full marks: I know of no better 
For the construction I have 
nothing but praise. There is noth- 
ing flimsy about it either as a 
piece of mechanism or on the 
electronic side. It is a fine piece 
of engineering up to the highest 
British standards. 


D. W. Aldous, 
M. Inst. E., M.B.K.S. 


“The Gramophone 
Record Review” 


The separate record and replay 
amplifiers make possible the 
direct monitoring from the tape 
during the actual recording and 
this facility is certainly a boon. 
There is no doubt whatever that 
when one has used this type of 
recorder one never wishes to 
return to the combined record 
playback type of instrument. I 
have never heard better quality 
at 7} in.p.s. from any tape re- 
corder that has passed through 


my hands. The “Reflectograph” 
is a pedigree tape recorder of 
immaculate construction and 
impeccable performance. 


James Moir, “Hi-Fi News” 


Separate motors are used for 
capstan drive and both spools, 
all three motors being of Garrard 
manufacture. The overall im- 
pression after some months 
of use is that the machine is 
convenient and pleasant to 
handle, while the extra facilities 
make it very suitable for pro- 
fessional use 


If unable to visit the Show, write for descriptive folder and interesting article 
on editing tape recordings. Please state name of local high fidelity retailer. 


REFLECTOGRAPH DIVISION, MULTIMUSIC LTD., MAYLANDS AVENUE, HEMEL HEMPSTEAD, HERTS. 
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Easy tape loading 
into straight slot, 


Neon lit stroboscope 
showing precise 
speeds of 74 and 

2 i.p.s. 


Variable speed 
between 8 and 
34 i.p.s. 


Bib tape splicer. 


Tape drive lever, giving & 
instant start and stop. 


2 matched loudspeakers. 


REFLECTOGRAPH WILL BE EXHIBITED 


IN THE MAIN HALL AT THE 


RADIO SHOW 


EARLS COURT 
AUG. 27 — SEPT. 6 


AND DEMONSTRATED* IN 
THE AUDIO HALL 


* ADMISSION BY TICKET ONLY 
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